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MEMO RA-N D u M

TO: Rod MacLeod

FROM: Jim Thompson

DATE: March 22, 1994

RE: RO Unit

Rod, there's been some talk about not buying the RO Unit and sending it back. I would like 
to caution you on this. Just because the surge pond is getting low, we are still going to get 
our average 5 mil. gallons of rain this spring (March - June). I'd like also to talk about the 2 
pits (Sunday and Dakota Maid). _______

Our best guess is that the Dakota Maid pit has around 6-9 mil. gallons of pH3 water in it and 
the Sunday pit has around 30 mil. gallons of pH3 water, plus we are adding about 150 gpm 
every day from Ruby. That alone is 4.1 months of run time for the RO, plus our 5 mil. in the 
surge pond, which is 3 months of run time that totals 7 months. So in October 1994 we 
should be okay. But then comes cells 1-4 off-loading. Cells 1-4 have about 10 mil. gallons 
of solution tied up in them. Since cells 1-4 are 90 feet high, we will have to off-load them 
in 2 or 3 lifts. The way I see it, Rod, we will turn off cells 1 and 2 first so they can off-load 
half of the first lift. While they are off-loading that first half, there will be 432,000 gallons 
a day going to the surge pond. It will take around 61/a days to off-load half of the first lift that 
equals 2.8 mil. gallons in the surge pond. Then the next half of the top lift and you now have 
5.6 mil. gallons in the surge pond.

Now none of cells 1-4 are under leach and we are going to have complete drain down. I 
should be able to off-load some of that 10 mil. gallons, but I don't know how much. The RO 
is going to have to be run the whole time. By the time cells 1-4 are off-loaded, it is now 
November 1994, our surge pond is full again and it's slow crushing. Now with the new ore 
on the leach pad and the RO running cell 6 and 7 are going to be off-loaded. Spring snow 
melt and rain is coming and we start all over again in the spring of 1995.

In the winter of 1995 and spring of 1996 we now have a new pad, we have made our old pad 
bigger and we have 2 new ponds. As we know, 1 inch of rain equals half a mil. in the surge 
pond. Now with the new pads and ponds 1 inch of rain equals 1,082,568 mil. gallons.

Rod, we would have to put a building over it to run year-round.

JT:sm

cc Dale Shay, BMC
Lance Hubbard, BMC 
Troy Fierro, BMC

correspVroconcrn. jt
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TO: Martin Quick

FROM: Rod MacLeod

DATE: August 2, 1994

RE: Gilt Edge Strategic Planning - Pad Orpin Down

Martin, thefollowing are problems and Issues we are wrestling with in 
our attempt: to provide options. Please call to discuss after reviewing.

FACTS

. : According to process personnel, cells 1-4 are within’ two loads of
peroxide froni beirig neutralized at an estimated cost of $31,000.

To date we have consumed 11 loads of perpxide to neutralize cells 1 -4, 
or spent approximately $'168,300.

0r8ln down of cells 1-4 prior to being fully .neutralized will require that 
we treat an ; additional 12 mllHon gallons of process solution before the 
spent ore Is^off-ioaded (total of 24 million gallons for just 1-4).

Depending upon when we receive permits to mine Anchor Hill we cbuld 
delay placement of Anchor Hill ore and/or sulphide stock'pile ore onto 
the existingileach pad due to cells 1-4 neutralization and R.O. treatment 
of process solution.

Our best estimate of the solution held in cplls 1^4 and cells’5-7 is 18 
million gallons.: Based on past experience w.e will receive a minimum of 
5.mllllon additional, gallon's to the process circuit due to spring runoff and 
precipitation-. This brings the total process solution that will need to be 

■ treated to'23 million gallons.

The reverse osmosis unit, as an average, will treat' approximately 
1,500,000 gallons of process solution per month. It will treat 
approximately 7,000,006 gallons of pit water per month.

AUG-02-1994 14=23 0 P.005
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TO: Martin Quick 

FROM: Rod t,JlaQL:ei;>d 

DA T.E: Ai.Jg~st 2, 1994 

M ·E M O R A-N D U M 
I 

RE: GIit Ed'ge Strategic Planning - Pad Dr~in D~wn 

Martin, the·followi'ng are problems end Issues ·we are wrestling with' in 
our attempt: to !pro:vlde options. Please call :to discuss after revi8wlng. 

· FACT§ 
I • 

· Accordihg io prp¢ess per:s·o·~nel, cells 1-4 are within· two loads o·t 
peroxidEdrom beirig neutrallzed at an es'tlm~ted cost of $31,000. 

To date we have cons·umed 11 loads of perqxide to neutralize· cells' 1-4, 
· or ·spent eppro*lmately · $•168,300, . 

. . 
t:>raln down: of ~eli's 1-4 prlot to being ful,ly ineutre_llzed ~Ill require that 
we treat' an•iaddltlonal 12 mll!ion gallons of process solu~ion before the 
spent ore Isl off ~io~ded (total of 24 mllllon· gallons ·for just 1-4). 

0epending· u·pon When we receive permits to mine .Anchor HIii we could 
delay pieceriierit of Anchor Hill ore an·dtor sulphti:ie stock· pile ore onto 
t~e exls~lng;leaph. P,Bd due to cells 1-4 neutr~llz.atlon and R.O. treatment 
of process sqJu,tlor;i. 

. '• ' : j ' • .· 

··Our best ~~~im~~e, o·f the· solution h~ld in• c~lls 1 :.4 and· cells· 5-7 Is 18 
million gallo,ns. '. ea·sed on past experience w.e wm r,ecelv~ e mlnlm_u'm of 
5. mllllori ·ad~liiC?n'a·1: gallons to the process clr9ult d~e to sµ,rtng _runo_ff· end 
preclpltatlorj•. Th'ls brings 'the total process solutlon that will need to be· 

: treated to-:~;3· roHll~>o_gallcms, · 

The reverse '•osmosis unit, BS an average, will .. treat" approximately 
1,500,000 : gaiton·s of process solutlon per month. It will treat 
approxima·tely 7 ,000,000· g~ilons of pit wa~er pe·r month. 

l 

I • 
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The 'current amount of water in the Sunday Pit, to be treated, is 
estimated t;o be 60 million gallons. Treatment and discharge of this 
vyatejr will bp gog of .the key components ijegulrgd to; maintain Ruby 
Gulch arid Strawberry Creek NPDES compliance. Whether treatment is 
achieved with a reverse osmosis unit or a water treatment plant Is yet 
to be determined. Current thinking Is that the Ruby Gulch Water 
Treatment Plant would better.serve the site'if It were located on top of 
the hill where water could be pumped from Ruby Gulch,.the Sunday Pit, 
Strawberry Greek, or Hoodo Gulch to the treatment plant.

'Discharge of'treated water Into Strawberry Greek cannot begin until the 
beaver dam tailings have been removed) At present most flow'from 
Strawberry Creek and Cabin Creek is being 'diverted around the beaver 
dams. In spite of that we are still encountering enough seepage into 
work; areas to cause concern and require some modification of our 
approach to the’work.

If wadeclde to defer acquisitionand construction'of a water treatment 
plant'In 19$4 it will make it even more critical to treat and discharge 
Sunday Pit yvater;. InstsH a more efficient pumping system from Ruby 
Gulch to'the Sunday Pit; and’allow for pumping from Strawberry Creek 
pr-Hoodo Gulch to the Sunday Pit. The bottp’m line is we need to bietter 
equip ourselves for maintaining compliance' at two points beginning 
November 1.,;-'1.994. '

To treat process solution through the R.Q. |jnit, recirculation needs to 
qontinue until there Is go. mOre than 5 million gallons) In the process 
Circuit. The!pla'nt will need to operate as long as we are treating process 
solution so it; can be put through the plant clarifiers.

' the’ following are time estimates to treat both process solution and 
' Sunday Pit wafer with a reverse osmosis unit, based ort the preceding 

' Ihforrnation; j •...•• : j
Process Solution! !

Current amount In circuit 18,000,000 gallons
1996 Spring runoff 5,000,000 gallons

! Total: 23,000,000 gallons

Average Treatment. Rate 
Time :to treat

!i I

T,50Q,000 gallons/month'
23,000.000 gallons 15 months ' 

1,500,000 galions/month.

. Strategic!'** Pfenning Page 2 August 2,-1994, 
Rod. MacLeod.
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,The 'current: amount of water In the Su11day Pit, to be treated, is 
estimated ~o ·be 60 mllllon gallons. Treetr;nent and discharge o.f this 
vye~e;r ~-1~1 b~ · ~· of .the ~ey compo~ents; [t;lAYltwf. to:. malnt$In .. Ruby 
'Gulch and ·Strawberry c·reek NPOES ·compllanc·e. ·whether treatment is 

• ' • • I 

·achleveq with a reverse os·rnos!s unit or a w.ater treatment pla'nt -Is yet 
~o be 'd·eter~lned. Current" thinking· ·1s that the Auby Gulch Water 
Jreatment Plant Would· better·serve the site!lf ·It were located on top of 
ttie 'hlll wher~ water could be ·pumped 'from ~'uby <;3ulch,: the Sunday Pit, 
Strawberry ·creek, or Hoodo Gulch to ·the tr~atment pla·nt. 

' ' 
;blsctiarge of:treated water Into •Strewoerry C'reek bannQt begin untll the 
~-eav~r darn .tell.ings have be·en removed: ~t pr~sent ~est flow=trom 
Strawberry ·Creek an~ ·cabl'n Creek is being :dlver(ed .around th~ beaver 

··dams. fn· spite of that we ·are stlll en·counterlng. enough seepage into 
-~orkl ar~as. t,O· .GBUS8 -concern' end require'. some modlflC'B.tlor-t of our 
.~pprqecn· to· th~. work·. 
•, • •••: '•'I : !. , ' • • • ' • • ; • • ; •• , 

If ~e:~e~lde ~o·de_fer. acqulsltlon·and ·c~nstryction of ·a water treatment 
plant' In '1'9$4 It wlll make it ·~ven niore crltlcel to treat and discharge 
S~ndey Pit' 1MBter;:lnstell a mo're efficient ~umpir'.\g sys·tem from Ruby 
-~ulct, to·ti,~ ·s·uhday Pit; arid ;~ilow for pum~!ng fr9m St_rawberrv -~·reek 
·9r. Ho·odo Gulch ,to the Sunday· Pit. The .bottom line Is we need to better 
'$quip' ourse.lves ·tor malritel~lng compllanc~ at two· points beginning 
.November 1,: :1994. . 1 

• . : ·: ' : : . ' ' : ' . 
• ' I ' 

to ·freet ··pro.cess· solution thrqugh the A.O. Vn'it, rec!rculation needs to 
c,:ontlnue un:tll th·ere Is rut "'16re than 5 mlll!:On gallqns: In the process 
~lrci.Jlt. The :plant wlll'need to .operate e's lonq·es We are treating• process 
solution so l_t: can· be put through-the p.l,ant c;lariflers. 
I : 

.•.-. : • . I • , , , 1 1 • 

· The···~oll(?wlflg er~ time estimates to tre·at path pro.ce~s solution and 
.· $l:'nd~y '.!'lt:water with BJeve_rse osmosis u~it,. be·sed o~ the preceding 

l~format1.on: 1 ·., · • i&if'V\\c.- : . = : 
I • ' • • • l 

· ·' P.roce1ss Soh'.ltio'n: : J . 

' ; ·corrent amount In circuit ·18,0()0;QOO gallons 
1996 :spring runoff . 5,000,000 ge!lons 
Total ! . 23,0qo·,ooo gallQr:tS 

. -Av'erage 'TreatlTie'nt. Rate 
; . . . 

. . ' I 

Time to treat 

! . 

I 

! ! • 

~-

,, 

I 

. •: 

t ,50f:>;OO() ij~llons/rrtonth .. 
23.000.000 :gallons : ... :15 months· 

1, 5Q0,.000 g~lions/month. 

! ' 
August 2>'1~H,. 

!fad. MacLeod.: 
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Pit. Water =.

Current pmount In pit 
Spring runoff additions
(•Based ohly on amount pumped from Ruby trj plt In 1093) 
Total

60.000. 000 gallons
19.000. 000 gallons

Estimated Treatment Rate

■Time to Treat •

79,000,000 gallons

7,000,000 gallonfe/month
t

12 months

RMipfi :
• ’ *

: CORRE8P\8TRATPi-A.RJM

i ! 
i :

ii

. Strategic APlanning ' Pag o 3 Auguat 2, 1994 • 
Rod MecLeod;;
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METRE-GENERAL THE TECHNOLOGY
The corporation, MGI, offfers ma

terials and processes that remove 
heavy metals from aqueous solutions 
with a selectivity as high as 
3.000 000:1 over competing ions.

The technology uses compounds 
that have ultra-high selectivities for a 
specific ion or, more often, for a 
“family" of ions. Usually, but not 
always, the compounds are of the 
family of macrocycles known as 
crown ethers.

Crown ethers are ring-shaped mol
ecules having a hole in the center 
correctly sized so that a heavy metal 
ion will diffuse into the hole and be 
retained selectively in competition 
with other ions or elements The re
tention is in atomic and molecular 
ratios although the association is not 
a conventional chemical reaction.

The selectivity, in some instances, 
is as much as several million to one or 
greater At equilibrium, for example, 
some heavy metals such as 
lead ...initially present in an aqueous 
solution in amounts of 100 parts per 
million (100,000 parts per billion) will, 
after brief contact with a specific 
crown ether, be reduced to 0 1 parts 
per billion. Ions of sodium potassium, 
calcium and magnesium, to illustrate 
the point, are not removed by any

SYSTEM BENEFITS....
FOR INDUSTRY 

AND MUNICIPALITIES

■ Heavy metals concentra
tion can be easily reduced, for 
example, to 0.05 to 1.0 parts per 
billion (i.e 0.00005 mg/L to 0.001 
mg/L).

■ No subsequent disposal 
problem is created by the use of 
this technology.

■ Simple process justifies the 
removal of heavy metal pollutants 
from effluents.

■ No capital equipment 
investment option; system can be 
provided on a service contract 
basis (MGI designs, constructs, 
operates and maintains).

measurable amount by the same 
crown ether as applied to the removal 
of lead

These unusual compounds were 
considered to be so important to 
science and industry of the future 
that the 1987 Nobel Prize in chemistry 
was awarded to three researchers in 
this field of crown ethers.

MGI's capability and access to the 
technology is the result of having 
supported research for many years at 
several universities, as well as indus
trial laboratories, to develop 
materials to remove dissolved heavy 
metals selectively from aqueous 
waste streams

The research and development 
activities are ongoing programs to 
assure continued leadership and 
advancement of the technologies 
with MGI being the exclusive licensee 
for the use of these materials for 
treating water, sewage and industrial 
wastewaters

Patents, for the processes and 
analytical methods, have been 
granted and numerous other patent 
applications are in progress and 
pending here and in each of the major 
industrialized countries.

The Technology Provides For:
(a) Selecting and choosing 

specific macrocycles for certain ions 
over other ions;

(b) “Immobilizing" molecules by 
bonding them chemically to silica 
gel;

(c) Reducing the aqueous solu
bility of molecules to undetectable 
concentrations.

ANALYTICAL METHODS...
MGI's analytical method uses 

immobilized crown ethers to precon
centrate heavy metals before the 
sample is analyzed by an atomic 
absorption spectrophotometer.

Analytical precision can be 
enhanced by concentrating solutions 
by 1,000 to 10.000 times

The analytical method provides an 
accuracy of ±0.001 ppm at concen
trations of 0.010 ppm. The analyses

Although research and develop
ment work on molecular recognition 
or host-guest-chemistry has been 
under way for over a quarter of a 
century, only recently have methods 
of immobilization been developed 
and perfected for varied applica
tions

Immobilized macrocycles are now 
available with high selectivity for
every elemental cation... and for
some anions

MGI has molecules, or ligands, 
which perform as do ion-exchange 
resins but that are extremely selective 
(conventional ion-exchange resins 
are not) Also available are other ion 
transfer agents that are highly 
soluble in commonly-used solvents 
and insoluble in aqueous solutions

These ligands are a new class of 
chemically modified solids with 
unique variations that are highly 
selective for a wide range of heavy 
metals The material is somewhat 
similar in appearance to ion 
exchange resin but is several orders 
of magnitude more selective 

Other Benefits Include:
■ High loading capacities
■ Not affected by pH variation 

(-1 to 11)
■ Not affected by temperature 

(up to several hundred degrees
fahrenheit).

■ Does not swell or shrink
■ Effective in the presence of 

most salts
■ Can be stored wet or dry.
■ Can be regenerated through 

hundreds of cycles

....PROVEN TECHNIQUES
can be reported regularly to 
regulatory agencies, where desired, 
to provide third party verification that 
the discharged stream meets or 
exceeds regulatory limits

The MGI method of selective pre
concentration by immobilized crown 
ethers is the only practical method 
known for accurately and consistent
ly determining very low-parts-per- 
billion concentrated heavy metals

Metre -Gen era I, Inc*

9085 Marshall Court Westminster, CO 80030 
303/430-0095 PAX: 303/430-7337
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OCTOLIG™ METAL REMOVAL SYSTEM

Metre-General, Inc. provides Octolig™ Metal Removing 

Systems that are operating successfully in industry. This 

brochure tells about our Octolig™ materials (silica-gel- 

immobilized ligands), and describes the MGI treatment systems 

in which the Octoligs™ are used.

Metre-General, Inc. has immobilized-ligands that remove 

ions selectively from water and sewage and waste streams. Two 

types of ligands are used. These ligands are crown ethers, and 

branched and linear amines.

The crown ethers are ring-shaped molecules that have a 

hole in the center. If the hole is of the correct size, 

neither too small nor too large, a heavy-metal ion will diffuse 

into that hole and be retained selectively in competition with 

the ions of other elements.

Branched amine molecules have nitrogen atoms that form a 

complex with certain heavy-metal ions.

In some instances the selectivity is as much as several 

million to one. For example, at equilibrium, after but a few 

minutes of contact, or, in some instances, after even a few 

seconds of contact, some heavy-metal elements in a water stream 

are reduced to 0.1 PPB (parts per billions, 0.0001 PPM).

REMOVAL OF CATIONS

(NICKEL, COPPER, ZINC, CADMIUM, SILVER, MERCURY)

Removal of cations (the cations of copper, nickel, zinc, 

cadmium, lead, mercury, and silver usually) is most often 

desired. The Octoligs™ and SuperLigs™ used by Metre-General do

1
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that well. Removal of cations alone, or as a combination of 

cations, to produce concentrations of one PPM is accomplished 

easily. In actual practice the concentrations are reduced 

almost always to below 0.2 PPM, and generally to 0.01 PPM to 

0.04 PPM. With small care final concentrations of 0.0002 PPM 

can be reached. Although at present we have not found a market 

for even lower concentrations, moderate-volume "pilot-plant" 

tests have produced concentrations of a fraction of a part per 

billion. If someone desired it, probably silver could be 

removed to concentrations of a few parts per trillion. The 

cations of sodium, potassium, calcium and magnesium generally 

are not complexed and retained; because sodium, potassium, 

calcium and magnesium in waste streams and water are not 

harmful, not removing them is good, because all the metal- 

removing capacity of the Octoligs” is retained for the 

poisonous "heavy metals".

In those applications where the heavy-metal concentrations 

fluctuate extremely (in some instances through a range of 10 

PPM to 2,000 PPM) the waste stream is given a mere simple pH- 

adjustment-and-precipitation-treatment with NaOH, followed by 

filtration, and then passage through the Octolig" treatment 

system. The filter cake can have heavy metal concentrations of 

from 20% to 40%, without undue regard to the concentration of 

unprecipitated heavy metals remaining in the solution, because 

the subsequent Octolig™ treatment always reduces the final 

heavy metal concentration to under 0.2 PPM, and usually to 0.02 

PPM.
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It should be noted that below concentrations of 5 PPB, the 

analyses are performed with precision only with considerable 

difficulty.

REGENERATION OF THE OCTOLIGS"

When the immobilized-ligand is loaded with heavy metals to 

its capacity, the ligand is "regenerated" for reuse, and can be 

regenerated several hundred to several thousand times. 

Regeneration of the immobilized ligand is done by washing the 

immobilized ligand with a water solution of a more powerful 

ligand, or by washing the immobilized ligand with a dilute acid 

solution. The resulting regenerant solution contains the heavy 

metals at concentrations thousands or hundreds of thousands of 

times greater than the concentration in the untreated waste 

stream. Usually the regeneration chemicals are required in 

little more than stoichiometric amounts.

The heavy metals are precipitated from that regenerant 

stream as hydroxides or oxides. This can be done along with 

the mere simple crude pH-adjustment-precipitation stage, when 

that precipitation operation is employed in combination with 

the Octolig" treatment. The precipitate is filtered, produced 

as a very-concentrated cake, and shipped to a smelter to be 

reclaimed. Usually the concentration of the heavy metals in 

the dry filter cake is 20% to 40%.

For some elements, for example, nickel and copper, the 

regenerant stream can be treated by electrowinning to 

produce a metal scrap. With either procedure the "lean" 

regenerant solution is returned to the waste stream that

3
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is entering the immobilized-ligand bed, and the remaining 

small concentration of heavy metals is removed.

MGI OCTOLIG" TREATMENT COST

We do apply the immobilized ligands in complete systems 

for treating waste streams. Usually we install the treatment 

plant at our expense and charge a moderate sum for the service 

of removing the unwanted trace metals.

The rental charge varies according to the metal pollutant 

to be removed, and volume of waste stream to be treated. For 

volumes less than 20,000 gallons-per-month the<rental charge 

might be $1,000 per month. For a single metal, and 100,000 

gallons per month, the rental charge might be $3,000 per month. 

We estimate that removal of small parts-per-billion of a heavy 

metal, lead for example, from 100,000,000 gallons of water per 

day would cost about $0.10 to $0.20 per thousand gallons. 

PERFORMANCE OF MGI OCTOLIG" TREATMENT SYSTEM

With this brochure is more information on our materials, 

information on actual treatment installations.

INFORMATION WE NEED FROM YOU

We want to offer the services of our Octolig” systems on 

your specific application or applications. If you have a 

specific application, please tell us (a) the rate of flow of 

the solution, (b) the total volume of the solution, (c) the pH 

of the solution, (d) the concentration of each of the ions 

dissolved in the solution, (e) the rate of increase in the 

concentration of the pollutant(s) if the solution is static and 

if pollutant concentrations increase with time, and (f) the 

allowable concentration of each pollutant after treatment.
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3085 Marshall Court:
Westminster, CO 80030 
303/430-0035 FAX: 303/430-7337

OCTOLIG” PERFORMANCE 

HEAVY-METAL REMOVAL
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MID-AMERICA PLATING

TYPICAL ONE-WEEK LOADING-REGENERATION CYCLE
"BRIGHT NICKEL" ELECTROLESS NICKEL, SULFAMATE-NICKEL RINSE WATER 
MGI-TREATED RINSE WATER RETURNED CONTINUALLY TO RINSE TANK AND REUSED 
WATER SAVING 80% TO 90%, USUALLY 90%

DAYS OF OPERATION
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REGENERANT FROM "BRIGHT-NICKEL" AND "SULFAMATE
NICKEL" RINSE WATER 
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- TYPICALLY~ -STOPPING---X-T-J PPM TO 20 PP-M NICKEL 

AFTER ELECTROWINNING, THE MGI OCTOLIG'" 21 
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METAL-REMOVING SYSTEM 

---i------- -- - -- -----

TIME - HOURS 
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COLORADO DIVISION OF WILDLIFE

MULTI-AQUARIUM WASTE STREAM
TESTS IN ADVANCE OF 32,000 GALLONS PER DAY MGI SYSTEM 
CONCENTRATIONS IN UNTREATED WASTE STREAM

ZINC 0.5 PPM, CADMIUM 0.005 PPM IRON - > 4 PPM (ESTIMATED)

DAYS
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COLORADO DIVISION OF WILDLIFE 

MULTI-AQUARIUM WASTE STREAM 
TESTS IN ADVANCE OF 32,000 GALLONS PER DAY MGI SYSTEM 
CONCENTRATIONS IN UNTREATED WASTE STREAM 

ZINC 0.5 PPM, CADMIUM 0.005 PPM IRON - > 4 PPM (ESTIMATED) 

0.4 L-----------_J:....._ ____ __,.! ___________ ----t 
PPM 

0.3 
PPM 

0.2 L-----._;.------l-------1---/------------1 
PPM 

0.1 
PPM 

0 

l DAY 

I 
MGI-TREATED WASTE STREAM 

l 

2 DAYS 3 DAYS 4 DAYS 

DAYS 



"LEADVILLE DRAIN" TREATMENT

DAYS OF OPERATION
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EFFLUEN'r 
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"LEADVILLE DRAIN" TREATMENT 
100,000 GALLONS TREATED 

INFLUENT 

' REGEN~ATION~ 
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MODEL 15CM 
OCTOLIG™

METAL REMOVING SYSTEM

METRE-GENERAL, INC.
9085 MARSHALL COURT 

WESTMINSTER, COLORADO 80030 
TELEPHONE: (303) 430-0095 FAX: (303) 430-7337

Metre-General, Inc. Octolig™ Metal Removing System

Standard Commercial System For Treating Aqueous Waste Streams

Volumes Up To: (12,000 gallons per day) (45,000 liters per day)

With Heavy-Metal Concentrations Up To 
60 PPM The MGI Octolig™ MRS Produces A Treated Stream 

With A Heavy-Metal Concentration Of 0.00005 PPM To 0.10 PPM

The Model 15CM MGI Octolig™ MRS as shown, that can treat up to 
(700 gallons) (2,600 liters) of wastewater per day, contains the 
entire treatment system, including pumps, controls, Octolig™ 
bed, filters, piping and valves. Balance tanks, regenerant- 

chemical solution tanks, and mixer are used in addition to the 
complete MGI Octolig™ MRS.
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METRE-GENERAL, I NC. 
90 85 MARSHALL COURT 

WESTMINSTER , COLORADO 80030 

MODEL 15CM 
OCTOLIG"' 

ETAL REMOVING SYSTEM 

TELEPHONE: ( 303 ) 4 30-0095 PAX: ( 303 ) 4 30-7337 

Metre-Gener a l, Inc . Octolig"' Metal Removing s ystem 

Standard Commercial System For Treating Aqueous Waste Streams 

Volumes Up To: (12,000 gallons per day) (45,000 liters per day) 

With Heavy-Metal Concentrations Up To 
60 PPM The MGI Octolig ft RS Produces A Treated Stream 

With A Heavy-Metal Concentration Of 0 . 00005 PP To 0.10 PPM 

The Model 15CM MGI Octolig"' MRS as shown , that can tre t up to 
(700 gallons) (2 , 600 liters) of was t e water per day , cont ins the 
entire treatment system, including pumps, controls, Octolig 
bed, filters, piping and valves . Balance tanks, regenerant
chemical solution tanks, and mixer are used in addition to the 
complete MGI Octoligft RS . 



METRE-GENERAL, INC.
9085 MARSHALL COURT 

WESTMINSTER, COLORADO 80030 
TELEPHONE: (303) 430-0095 PAX: (303) 430-7337

Metre-General, Inc. Octolig™ Metal Removing System

Standard Commercial Systems For Treating Aqueous Waste Streams

Volumes Up To: (12,000 gallons per day) (45,000 liters per day)

With Heavy-Metal Concentrations Up To 
60 PPM The MGI Octolig™ MRS Produces A Treated Stream 

With A Heavy-Metal Concentration Of 0.00005 PPM To 0.10 PPM

The Model 60CM MGI Octolig™ MRS as shown, that can treat up to 
(12,000 gallons) (45,000 liters) of wastewater per day, contains 
the entire treatment system, including pumps, controls, Octolig™ 
bed, filters, piping and valves. Balance tanks, regenerant- 
chemical solution tanks, and mixer are used in addition to the 
complete MGI Octolig™ MRS.

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Stan 

TRE-GENERAL, IC. 
908 5 RSHALL COURT 

WESTMI NSTER, COLORADO 800 3 0 

ODEL 60C, 
OCTOLIG 

METAL REMOVI LG SYSTEM 

TELEPBO B: (303) 430- 009 5 PAX: (30 3 ) 4 30-73 37 

etr -Gener 1, Inc . Octolig ~e 1 R moving Sy tern 

r Commercial Systems For Treating ous s e Stre ms 

Vo mes Up To : (12,000 g llons per ay) (45 , 000 liters per day) 

With Heavy- t 1 Concentrations Up To 
60 PP The GI Octolig MRS Produces Tre ted Stream 

i h A eavy- Metal one ntration Of 0 . 00005 PPM To 0 . 10 PP 

The 1 od 1 60C MGI Octolig MRS s s hown, th t can treat up to 
(1 2 ,000 g llons) (4 5 ,0 00 liters) of waste w t r per y , cont ins 
the entire t r tment sy t m, in 1 ing pumps , controls , Octolign 
be , filters , p'pi g an v lves . Balance t nks , regenerant-
che ic 1 so ut·on ans, nd . ixer re se in addi ion to he 
compl_te GI Octolig . RS . 



960 Ames Avenue 
Milpitas, CA 95035 

408-946-1520
Via Courier and Fax: 605/578-1709 FAX40B-945-1549

Mr. Martin Quick 
V.P. Operations 
BROHM MINING CORP.
P.0. Box 485
Deadwood, South Dakota 57732

RE: Proposed Change to Brohm Purchase Order #10619

Dear Mr. Quick:

The purpose of this letter is to notify you that we received your 
March 3, 1994 fax regarding the proposed changes to the above 
referenced purchase order.

Please be advised that we will not accept these revisions to the 
purchase order. The terms, pricing, and conditions outlined in 
our January 24, 1994 proposal and your purchase order #10619 are 
valid.

Sincerely,

ARROWHEAD INDUSTRIAL WATER, Inc.

—-
Scott Whittaker 
Sales Engineer

cc: Mr. Nate Silvestri 
Mr. Jim Griebel 
Mr. Scott Kuechle

Via Courier and Fax: 605/578 -1 709 

Mr. Martin Quick 
V . P. Operations 
BROHM MINING CORP. 
P.O. Box 485 
Deadwood, South Dakota 57732 

RE: Proposed Change to Brehm Purchase Order #10619 

Dear Mr. Quick: 

A BFCoodrich eon,..,,, 

960 Ames Avenue 
Milpitas, CA 95035 

40B-946- 1520 
FAX 40B-945-1549 

The purpose of this letter is to notify you that we received your 
March 3, 1994 fax regarding the proposed changes to the above 
referenced purchase order. 

Please be advised that we will not accept these revisions to the 
purchase order . The terms, pricing, and conditions outlined in 
our January 24, 1994 proposal and your purchase order #10619 are 
valid. 

Sincerely, 

ARROWHEAD INDUSTRIAL WATER, Inc . 

> ~L_, 
Scott Whittaker 
Sales Engineer 

cc: Mr. Nate Silvestri 
Mr. Jim Griebel 
Mr. Scott Kuechle 
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EIC, Corporation
1355 South Colorado Boulevard 
Suite 316
Denver, Colorado 80222 
*IW 303/692-0272

Mr. Vic Miller
Brohra Mining Corporation
P.O. Box 485
Deadwood, South Dakota 57732 

Dear Vic,

Ploase find attached a revised Table 1 for our report, "Oxide 
Heap Leach Water Balance, Brohra Mining Corporation". The 
"Cumulative Excess Gain" row on page 3 was corrected as discussed. 
Note that this change does not affect the conclusions of the 
report. My apologies for this oversight, please let me know if 
there are any further questions.

Fax 303/692-8870 April 12, 1991
EIC Project No. 02502

Sincerely,

DVZ/gg

113.ltr

'to- &xet//enct- in- (Soasu/tiny-

-·, 

MAR 19 '93 17 : 44 1JROHM MINING CO 

EiC, Corporation 
1355 South Colorado Boulevard 
Suite 316 
Dcnver1 Colorado 80222 
'lei 303/692-0272 
Fax 303/692·8870 

Mr. Vic Miller 
Brahm Mining Corporation 
P.O. Box 485 
Deadwood, South Dakota 5773~ 

Dear Vic, 

P . 2 

April 12, . 1991 
EIC Projeot No. 02502 

Please find attached a revised Table l t~r our report, "Oxide 
Heap Leach Water Balance, Brahm Mining corporation 11

• The 
"Cumulative Excess Gain" row on page 3 -was corrected as discussed. 
Note that this change does not affect the conclusions of the 
report. My apologies for this oversight, please let me know if 
there are any further questions. 

DVZ/gg 

113,ltr 

Sincerely, 

EIC, CORPORATION 

~;.,i~ . 
Dirk Van Zyl, P.E., Ph.D. 
President 

: .. 
,-. . 



Ccaponent

4.0 Solution Gain/Loss
Inflow Minus Corea***ion (162.588)

5.0 Excess Volt** » ** Stored

Ojajtstive Excess Gain 0

6.0 Storage tecfji renents on Pad

lot el Pond Vot Avails** 
Pad Vofune Secpjired 
jlf^iroxiaste Elev on Pad 
(no freeboard)

752,848 
0

February March April May Jme July
August Se*Xte*ec October

(182.2*7) 1,352.240 34.289 (191.271) 246:724 (347.748) (345,510) (183,944) (155,112) (159,107) (182.179)

0 1.352.240 1,386.528 1.195.258 l,441,982 1.094.233 748.724 564,780 409.667 250,560 68,381

752.848
0

752.848
599,392

5557

752.848
633,681

5558

752.848
442.410

5556

752.848
689,134

[ 5558

752.848
341,386

§554

752.848
0

752.848
0

752,848
0

752,848
8

752JM8
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4.0 sclut;an Gain/Loss 

tnftow Mirus ~ion 

February 

(182,S&I) (182,247) ,.~.240 

July 

34,289 
(19\,271) 24(724 (347.748) (3,45,510) (181,940 (155,112) (\59,107> (\12.1ffl 

S.O EllC'eSS Vl)l..e to be Stored 

D.,aJtativoe E.Kea Gain 0 
0 1;152,240 1,386,528 1.'95,258 1,441,982 1,094,233 

748,724 564,'l'IIO 409,u.7 ZS0,560 61,Ja'I 

6.0 Storasae 1equinnents an P.S 

1otel Pend Vot Availsle 
Pad Vol~ tequind 
AA>f'OJ(i..te Elew on Pad 
(no freet,oerd) 

m.848 
0 

752,848 
0 

752,848 
~.392 

~7 

1'52,848 
442,410 

55S6 

7'52,er.a 752,6'8 

(M!fil 341~~ 

x7,'f~ := 

s, 6LfJe>0 ,. I 

752.848 
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752,8'8 
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Table 1
Brahe Mining Corporation
Gilt Edge, Deatimorf, South Dakota

Heap Leach Water Balance

IHPUT PAftUETERS

(a) Catchaent Areas (b) Operating

Total Leach Pad Area llt”2> MO,530 
Pad Area infer Leach and Binse, af 300,000 
Surge Pend (ft'NZ) 38,900 
D-E. Pend <fr*2> *,200 
neutralization Pond Cft~2) 12,100 
Trei^i <ft-2) 6,M0

Ore Prockjction, t/a

Plant Flow Rate, spa 
Unit Weight of Ore,pet 
Ore Draining, tone

(d) Pond Voliaet (gallons)

Surge Pond 7,131,300
Neutralization Pend 637,000

(f) Storage Available on Pad (all values in ft*3)

Elevatian(ft) Eapty Pad Cuailative Ore on Pad emulative Open Space Pore %ace
Volme Vo I taw Volta* Volin*

55*6 17.902 17,902 5.97B 5.978 11.92* 299
55*8 68.270 86,172 35.770 41.748 **.*2* 2.087
5550 158.476 264,MS 102.180 1*3.928 100.720 7.196
5552 287,485 532,133 203,824 347.752 184.381 17.388
5554 456,7% 988.929 340.911 688,663 300,266 34,433
5556 653,960 1,6*2,889 505,050 1.193,713 *49.176 59.686
5557 403,114 2,0*6,003 317,819 1.511.532 53* .471 75,577
5558 449,607 2.495,610 358.439 1.869.971 625.639 93,499
5559 491,440 2.987.050 394.657 2,264,628 722.422 113.231
5560 527,750 3.514.800 475,650 2.740,278 774,522 137.014
5561 534,000 4,0*8.800 500,250 3.240,528 808.272 162,026
5562 561,200 4,610,000 469,900 3.710,428 899.572 185,521
556* 1,226,000 5,836,000 972.500

‘\

4,682,928 1.153.072 234.146

(c) Moist*** Content (X) 

Ore frea pit

i

120,000

2,000 Under Lead*
100 Seaidual

560.000

5

15
-»

(e) Extra Evaporation Areas

fro* Pad after PM>. af 62,500

Total
Votme

12,223
*6,511

107,916
201,769
334.699
508,862
610,0*8
719,138
835,653
911,536
970,298

1.085,093
1.387,218
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(a) Catchaent Areas 

Tot.al leac:h Pad Aree <ftA2) 
Pad Area Lnier leedi and Rinse, sf 
SUrse Pend ( f t"2) 
D.E. Pend (ft"2) 
llel.ttnl h:atlon Pond CftA2) 
Trcic.qi (ft"2) 

(d) Pond Votiaes (gal Ions) 

S41ge Pond 
Neutralh:atiao Pond 

640.!)30 
300.000 

SB:.900 
4,200 

12.100 
6.640 

7.131.300 
637.D00 

Table 1 
Brahm lllininsi Corporation 
Gilt E•• Desdllfood, South Dakota 

(b) Dpenting 

Or-e PToclJE:tion. t/• 

Plant flOII ltate, gpa 
ilnit Wl!il#it of Ore.pct 
~ Drainir-.;. tons 

(f) Storege Avlli lable on Pad (Bl l values in ft"3) 

Elevath1n(ft) &ptyPed Cuulati¥e Or-e an Ped Cuall11tiw Open Spece Pore Spece 
Voh- Vol~ Yoluae Vol.-

5546 17.902 17,902 5,978 5,978 11,924 299 
5548 68.270 86.tn 35,770 41.748 44.424 2.0S7 
5550 151!1.476 244.648 102. 180 14J.928 100.-no 1. '96 
55S2 l:87,'85 532. \33 203,824 347,752 154,381 17,388 
SS54 456,196 988,929 340,911 688,663 300,266 34 • .\33 .. 5S56 653,960 1,642.1189 ··sos.050 1, '93,713 449. 176 59.686 
5SS7 403,114 2,046.003 317,819 1,511,532 534.471 75,577 
5555 449,601 2.'95,610 358,439 1,869,971 625,639 95,4119 
5559 491,444> z.987.050 J9t.,6ST 2.~.628 m,422 113,231 
5560' 527,750 3,514.800 475,650 z.1,o.21B 11,,s22 137.014 
S561 534,,000 4,048.800 500,250 3,240,528 eoa.m 16.!,026 
S562 561,200 4,610,000 469,900 3,710,428 899.Sn 185,521 
S564 ,.226,000 s.836.ooa 972,500 ,.682.92.8 1.1D.on 234. 146 

\ 

120,000 

2.000 
100 

560.000 

Total 
Vol~ 

12.223 
46,511 

107,916 
201,nR 
334,1119 
508,862 
610,048 
719.138 
835,653 
911,.536 
970.298 

1,oa5,09l 
1.387.218 

Cc) Kof ab.re CGntent CZ> 

Ore fna Pit 

linll!r leaclt 
l!esict.at 

(e) Elltra Ewiporetfan Ar.a 

frca Pad after ,.,. •f 
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UATEt BALANCE CALCULATIQKS

Opponent January February

1.0 Cliewtic Srrforaation

March April May

(a) Average Conditions

Precipitation {in) 1.38
Lake Evaporation in) 0.00
Pan Evaporation (in) 0.00
Uobter Evap. X of Inflow 0.00

(b) Litrtac Events

m> (in) 0.00
1:100 yr 2i hour(in) 0.00

2.0 Inflow

1.43 2.41 3 .77 3.82
0.00 2.50 3.20 5.00
0.00 t.26 1.82 2.53
0.00 0.00 1.50 3.50

0.00 19.80 0.00 0.00
0.00 0.00 0.00 0.00

<a> had and Ponds Average Precipitation Conditiora

Pad <ft~3)
S4a-«e Pend (ft~3) 
O.E. Pond Cft*3l 
irutrel_ pond <fr*S) 
Troucpi <ft~3)

TOTAL

0 0 355.494 201.233 203,902
8.773 7.019 11.829 18.504 18.750

483 501 844 1,320 1.337
1,392 1,442 2,430 3,801 3.852

764 7V1 1,334 2,088 2,114
9,412 9.753 371.931 224.945 229.954

<b) Pad and Ponds Extrewe

wp (fr*3>

Precipitation Conditions

0 0 1,179,871 0 0
1:100 yr24twxa-( fr*3) 0 0 0 0 0

3.0 Coauptian

Ore Wetting.cf 192,000 192.000 192.000 Blooded Flooded
Evap frow Ponds,cf 0 0 7,583 20,053 31.333
Evap f ren Pad (noraat).cf 0 0 0 0 •
Evap froB wobblers on pad 0 0 0 155.934 343.850
Evap f roB Pad efter PMP 0 0 0 14,447 28,042

TOTAL 192,000 192.000 199.543 192.454 421.225

m
m

r

Anr July August Septadier October Imidar Bei atiii

4.08 2.37 2.35 1.41 1.76 1.38 1.44 27.40
4.20 4.50 6.20 4.90 4.40 3.20 0.00 40.10
2.13 3.29 3.14 2.48 2.23 1.62 0.00 20J0
3.00 4.00 4.00 3.50 3.00 1.50 0.00

0.00 0.00 0.00 0.00 0.00 0.00 0.00
6.00 0.00 0.00 0.00 0.00 0.00 0.00

217.780 126,505 125.437 75.262 93.944 73.661 0
20.026 11.633 11.535 6.921 8.639 6,773 7,068
1.428 830 8Z3 494 616 483 504
4,114 2,390 2.370 1.422 1,775 1,392 1.452
2.258 1,311 1.300 7B0 974 764 797

245.608 142,648 141,464 84,878 105.948 0,073 *,021

0 0 0 0 0 0 0
361.185 0 0 0 0 • 0

Flooded Flooded Flooded 192,000 192.000 192,000 192,000
26.320 40,733 38.853 14,823 13,310 9.680 •

0 0 0 62.000 55,750 40.500 0
311.872 415.829 415.829 0 0 0 0
21.875 33.854 32.292 0 0 • 0

360.067 490.416 486,974 268,823 261,060 242.100 192.000
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~t Jan.-y flb'Uary 'lard\ .-n ...... 
1. 0 CliNtic lnforation 

(■) .h~re,e Contiticina 

P'rec ipH.ad on < 5ft) 1.38 1. 41 2.,, l . 77 3 .82 4 .08 
L■lce (vapor-at hin( fn) IJ. 00 0 . 00 2.51 3.20 5 . 00 4.20 
p., £wp,r■tian (ln) O.DO 0.00 ,.u i .62 2.Sl Z.13 
Yoblff (Yap. X •f Jnflo.ii 0 . 80 0 . 00 0. 1.50 3.5AI 3 .00 

(b> &t...- Ewnta 

,., (In) a. 0 . 00 19.60 0 . 00 0.00 Cl.00 
l:10CJ yr~ h«-r( in) Cl.Ge 0 . 00 O. DO O.GCI 0 .00 6 .00 

Z. D Inflow 

<•> P-.1 and Pond■ Aw.rate Pree p t.atian Ccnfiti-

p,9Cf (ft")) 0 0 !55.4- 201.ZD Zl'.B.90Z l17.780 Sur• Pa-id (ft"J) 6,m 1.019 11,129 , ... 18.150 20,GZl6 
I.E. Pond ctt•Jl 4aJ 501 1144 1.SZID ,.n1 1,428 
lll!U'tnll. pond ( ft"5) 1,m ,.4'l 2.~ l,801 s.asz 4,114 
,,._. ( ft"'3) 764 191 1,334 Z,116 Z, 114 2,258 

101AL .,,u ,.ns '"·", l.a,MS m.9'54 245,606 

{b) ,.ad and Pands En..- f'rM:fpitatian t.onditiona 

... (ft"-S) 0 0 1. 119.an • 0 0 
1;100 yr~(ft"J. 0 0 0 0 361,IBS 

3 .0 ~·-
Ott U!ttl,w,et '192.000 19Z0 DOO 1tt2.aao fl-W f'laaded fl-W 
Enp frca ~.d 0 0 7,""1 zo.ass 31,D3 26.lll> 
f¥11p ,,.... '-' (,.,,...l),cf 0 0 0 0 • 0 
EW!P frca lldibters on p■d 0 0 (I ,ss.956 J6S,850 lU,S72 
Enp f.-- hid aftM f'9P a 0 0 16,667 26,042 2,.m 
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UATER BALANCE CALCULATIORS

Component

1.0 Clinetic Information

January February Kerch April

(a) Average Conditions

Precipitation (in) 1.38 1.43 2.41 3.77
Lake Cvaporationfin) 0.00 0.00 2.50 3.20
Pan Evaporation (in) 0.00 0.00 1.26 1.42
Uofaler Evep. X of Inflow 0.00 0.00 0.00 1.50

lb) Extrewe Events

P» (in) o:oo 0.00 19.40 0.00
1:100 yr 24 hour(in) 0.00 0.00 0.00 0.00

2.0 Inflow

(a) Pad and Ponds Average Precipitation Conditions

Pad (ft~3) 0 0 355.494 201,233
Su-ge Pond Cft“3) 6.773 7.019 11.829 18.504
O.E. Pond (ft*3) 483 501 844 1,320
neutral, pond (ft*)) 1,392 1,442 2.430 3,801
Traug* (ft^> 764 791 1.334 2,086

TOTAL 9,412 9.753 371,931 226.945

(b) Pad and Ponds Extrene Precipitation Conditions

P*8> (ft*3) 0 0 1.179.871 0
1:100 yr24hoir(f»J'3) O 0 0 O

3.0 Cansta^tion

Ore Wetting,cf 192,000 192.000 192.000 Flooded
Evep f row Ponds,cf 0 0 7.563 20.053
Evap frxw Pad (noraal).cf 0 0 0 0
Evep fraa wobblers on pad 0 0 0 155.936
Evap fro* Pad after FW 0 0 0 16.667

TOTAL 192,000 192.000 199.563 192,656

a. (■ * 7-y/' 

tod (i U*

T^TI'Vl
lA. xf’ I ,«///

May Jure juty August Sept enter October ■overfxr *****

3.82 4.08 2.37 2.35 1.41 1.76 1.38 1.44
5.00 4.20 6.50 6.20 4.90 4.40 3.20 0.00
2.53 2.13 3.29 3.14 2.48 2.23 1.62 0.00
3.50 3.00 4.00 4.00 3.50 3.00 1.50 0.00

0.00 0.00 o.bo 0.00 0.00 . 0.00 0.00 0.00
0.00 6.00 0.00 0.00 . 0-00 0.00 0.00 0.00

203.902 217.780 126.505 125.437 75.262 93.944 73,661 0
18.750 20,026 11.633 11.535 6.921 8,639 6,773 7,068
1.337 1,428 830 823 494 616 483 504
3.852 4,114 2,390 2,370 1.422 1.775 1.392 1.452
2,114 2,258 1.311 1.300 780 974 764 797

229.954 245.606 142.668 141,464 84,878 105,948 *3,073 9,821

0 0 0 0 0 0 0 O
0 361,185 0 0 0 0 8 0

Flooded Flooded Flooded Flooded 192,000 192.000 192.000 192,000
31.333 26.320 40.733 38.853 14.823 13.310 9.680 O

0 0 0 0 62.000 55.750 40,500 0
363,850 311.872 415.829 415.829 0 0 0 0
26.042 21.875 33.854 32.292 0 0 0 0

421.225 360.067 490.416 486.974 268,823 261,060 242,180 192.000

1,1.12- •2,3.73 l/iio ?/ t/o
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" 1.0 Cl ;11atic ZnfOf"al!ltion \.0 w 
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-,) 

Pree ipi tat i an ( in) 1.38 1.41 2.41 3.77 3.82 4.08 2.37 2.35 ,.,, 1.76 . ,.:m 1.44 U.IJIJ A lllke £v.!p01"ation(in) 0.00 0.00 2.50 3.20 5.00 4.20 6.50 6.20 4.90 4.40 J.20 o.oo '4».10 
(/) 

Pan £V3POrotion (in) 0.00 0.00 i.Z6 t.62 2.53 2.13 3.29 3.14 2.48 2.23 1.6Z 0.00 2'UID ..:: 
:u' l.lcoter Evep. I of Jnfl01111 0.00 0.00 0.00 1.50 3.SO 3.00 4.00 4.0!) 3.50 3.00 1.50 o.oo 0 
;;i; (b) Extl"de Event.a _;. 

3: PtiP (fn) o:oo o:oo t9.t,O 0.00 0.00 0.00 0.00' 0.00 0.00 . o.ao D.00 0.00 H :z. t: 100 yr 24 h01.r( i_n) 0.00 0.00 0.00 0.00 0.00 6.00 0.00 0.00 0.,00 0.00 D.00 0.00 H 
:z 2.0 InflQa! G) 

n (11) Pad a,d Ponds ARrage Precipitation Ccrditions 0 

Pad (ft"]) 0 0 :SSS 0 49't 201.m 20J.902 217.71!0 126.505 12'5,437 75.262 -n.9'4 73.661 D ~Qe Pond (ft'"l) 6.773 1.019 11.829 18.504 ,a.no 2G,026 11,.631 11.535 6.921 B.&'39 6.TTJ 1.068 D.E. Pend (ftAJJ 483 501 844 1,320 ,.n1 1,42.S 830 SB 4~ 616 '83 504 lrutr~t. pend (ft"J) 1,392 t,"42 2.430 ·3.801 :s.asz 4,.114 2.390 2.370 1.422 ,.ns 1.392 ,.,sz TrOUQh (ft"J) 764 191 1,334 2,086 2,114 2.258 '1,311 1.ltO 780 ffl 764 797 TotAl 9,412 9,753 371,931 226,9'5 229,954 245.606 142.668 141,464 84,878 105,9'8 m,on 9.azl 
(b) Pad rd Pends Ext;._ Precipiutian Conditions 
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L-her than oxygen. Interest?'3.57 first '-arose in the Soviet 
nion but has now spread to South Africa, where the process 
at present being studied intensively. The Rus.sia.ji work 

-ose from the search for a reagent. less toxic than cyanide 
ad less prone, to interference from copper and antimony 
linerals. The South African investigations have diverse 
ixns. The first of these is to find an acid leaching process for 
old that would allow the simultaneous leaching of gold and 
raniurn from the. Witwatersrand ores. The. second stems 
odi the suggestion that considerable economies would be 
Tec ted if ores from deep mines were processed underground, 
his expedient would require a. more rapid, less hazardous 
rocess than cyanidation, both of which requirements the 
biourea process promises to satisfy. At the present time 
le major drawback of the method appears to be. the high 
ist- of reagents, stemming principally from the instability 
f thiourea under the conditions of leaching. The principle 
caching reaction when ferric ion is used as the oxidant is

An -f. 2NH«CSNHa + Fe3- Au(NH2CSNH2£ + Fe-+

he reaction is rapid and extractions of about 95 to 99% 
in be achieved in two hours. The speed of this reaction 
dative to cyanidation may be accounted for by the same 
ictors that apply in chlorination of gold. The gold surface, 
pparcntly does not passivate in acid solution. The rate is 
rmtrolled by diffusion of reagents to the surface and there- 
jre, can be much higher when the reagent is soluble, as is 
‘rric sulphate, than when it is sparingly soluble, as is 
xygen. This resistance to the formation of surface films 
tider acid conditions probably accounts for the fact that, 
ppper and antimony sulphide minerals do not. interfere 
lith tiie dissolution of gold in thiourea.
Thiourea can be oxidized to formamidine disulphide. The 

saction

nh; nh;1 3 NH,
1

C - S -
1

S - C + 2e
j

^2C=S
II li Jl
NH NH NH,

r ’.j•3?

*

1

3

las a standard potential of 0,42 volte.68 Therefore, thiourea 
i readily oxidized by ferric ion. The latter reaction is 
robably one of the principal sources of loss of reagent- in

thk CHXMiSTav or the zjctkaotion or gold 327

the gold leaching process, and it is one that will become 
more serious as the concentration of ferric ion increases. 
On the other hand, it has been suggested that formamidine 
disulphide can act as the oxidant for the dissolution of gold 
by thiourea59. Another mode of decomposition, which is 
thought to be of importance, is the formation of cyaniraide 
and hydrogen sulphide

NHoCSNH, = NH,.CN + H,S

The reagent is not stable in solutions less acid than pH 4, 
and decomposes with the liberation of sulphur.

RECOVERY OF GOLD FROM SOLUTION

CEMENTATION BY Z1XC

The zinc cementation process for the recovery of gold and 
silver from cyanide solutions was introduced in 1890. During 
the following thirty years three major modifications were 
introduced, which together made the process one of great 
efficiency and much improved economy and convenience. 
The first was the addition of lead salts for the formation of 
the lead-zinc couple (1894). The second, the replacement of 
zinc shavings by zinc dust, although first used in 1S97, was 
not generally adopted until after 1916, when the third of 
the innovations was made—de-aeration of solutions before 
precipitation. The period of development and innovation 
was also one in which the mechanism of the process aroused 
much interest and discussion. Perhaps naturally, this 
interest declined once the process had been freed of its 
major metallurgical and economic shortcomings. As a result, 
there has been little increase in knowledge of the workings 
of the process since that time. In recent years interest- in 
cementation, or ‘contact precipitation’ has been centred on 
the precipitation of copper from acid solutions by iron, and 
some relatively sophisticated studies have been made.60 
Whereas some Bystems other than copper-iron have also 
received some attention, it is remarkable that gold-zinc- 
cyanide is not among them.

The potential-pH diagrams in Figure 4 give an indication 
of the reactions that are possible in the sj'stem under 
different conditions. They show that the precipitation of
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less prone to int.erforeuce from copper and antimony 
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.nium from the \Vit.watersrand ores. The second st.ems 
m the suggestion that e:onsidera.l,Je economies \Vould be 
ected if ore~c; from deep mines were prooess0d undergrou.11d. 

his expedient would require a. more rapid, less hazardous 
roccss than cya.nidation, both of which requiremenfa t,he 
:iiourea procesi:; promises to satisfv. At the present time 
'.W major drawback oft.he met.hoc( a.ppe ... ar.s t.o be t..he. high 

1~st of reagents, stemming principally from t.he inst.ahi1ity 
r thiourea under the conditions of Jea.ching. The prin<"iplt:: 
ta,:;hing re~ctiou when ferric iou is used as the oxidn.nt is 

A l 1 .-,NTH L''S"":H ' F 3+ 4 (N· H ('Cl'TH )➔ 1 F "+ 
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1 , ... · 2 ·• ..:., 2 -r e - _!iu 2 ,,~.... 2 2 -r e~ 

he rea..ction is rapid and extractions of about. 95 to 99% 
n be a.chieYed in t-wo hours. The speed of this rea.ction 

Jative to cy~nidation may be accounted for by t.he same 
1-ctors t.hat. apply in chlorination of gold. The gold surface 
pparently does not, pa.ssivate in acid solution. The rate is 
)ntrolfod by diffusion of reagents t-0 the surface and there
>re, ca.n be much higher when the I'f'.-agcnt, i.~ soluble~ as is 
\rric sulphate, tha.n when it ici sparingly soJuble~ a.s i~ 
,c_ygen. This re.si.sta.nce. to the formation of surface films 
nder acid condit,ions probably n.ccounts for the fact that 
:ipper and antimony sulphide ruineraLc; do not, interfere 
[ith the di.~olut.ion of gold in thiourca.. , 
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Thiourea can be oxidized to forma.midine disulphide. The 
~ction 

NH+ 1'"H+ NH., 
I 

3 
I 

3 
l -

C - S - S - C + 2c ~ 2 ·C=S 
II U JI 
NH J\'""H ~TH2 

!as a standard potentia.! of 0,42 volta.66 Therefore, thiourea 
1 readily oxidized by ferric ion. The Jat.ter rea.etion IB 
roha.bly one of the principa] .srm.rcea of loss of reagent in 
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the gold lew.:.hing pr0<.."ess, and it, is on-::: tha.t ~,jll become 
more serious as t..bc concentration of ferric. fon increases. 
On th1:1 other hand, it has been suggested that forma.midine 
disulphide can a.ct as the oxidant for the d.issolut.ion of go1d 
by thfourea5P • .Anotcer mode of decomposition, which is 
thought, t,u be of importance, i'5 the forma.t,ion of cyanirni<le 
and hydrogen sulphide 

The rea.gent is not. st.a.b]e in i:,olut.ions Ies.s a.cid tba.n pH 4, 
and decomposes v;,jt.h the liberation of sulphur. 

RECOVERY OF GOLD FROM SOLUTION 

CEMEXTATION BY ZIXC: 

The zinc cementa.tion process for t.he recovery of gold and 
silver from cyanide solutions wa.s introdnccd in 1890. During 
the folJowing thirty years t,hre.c. major modi£e&tions were 
introduced, which together ms.de the process one of great 
efficiency a-nd much improved economy and convenien~e. 
The first was the addit.ion of le.ad sa.lts for the formation of 
t.he lea.d-zinc couple (1894-). The second, the replacement, of 
zinc sha:v .. ings by zinc dust., alt.bough first used in I 897, was 
not. generally adopted until after 1916, when the third of 
the innovnt.ions was ma.de-de.-a.eration of solutions before 
precipitation. The period of deve.Jopnrnnt a.nd innova.tion 
was also one in \Yhich t.he mee.hanic;ro of the proce&. aroused 
much int.erest and discussion. Perhaps na.tnraUy, this 
interest declined once the process bad 'been freed of its 
major me'taJJurgical a.nd economic short.comings. As a result, 
t-here hM been little increase in knowledge of the workings 
of the process since that time. In recent ye.a.rs intere8t• in 
cementa.tion, or 'contact precipitation' has been centred on 
the precipitation of copper from acid solutions by iron, a.nd 
eome relatively sophisticated .studies have been macl.e.6!1 
Whereas some systems other than copper-iron have alc3o 
reoeived some a.ttention, it is rema.rkable that gold-zinc
cyan.ide is not among them. 

The potential-pH diagrams in Figure 4 give an indication 
of the reactions that are possible in the system under 
diffe.rent conditions. They show that the precipitation of 
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gold can take place by direct replacement reactions, auch as

2Au(CN)g + Zn -+ 2Au + Zn(CN)2- 22

2Au(0N)i+Zn + 30H--*2-Au+HZnOi+4CN-+H2O 2S

Zinc can also react in alkaline cyanide solutions to produce 
hvdrogen:

Zn + 4CN- -f- 2H20 -v Zn(CN),- -f 20H~ + H2 24

Zn + 2H20 - HZnO; -f H+ + H2 25

Since the reduction of Au(CN)j to gold by hydrogen is 
favoured thermodynamically under a wide range of condi
tions, including most of those encountered in. practice, it is 
also possible that the precipitation of gold from cyanide 
solutions does not proceed directly, as in reactions 22 and 
23, but through the intermediate formation of hydrogen:

Au(CM)2 -f H2 + Au + 2H+ + 2CN"

On. the other hand, for certain conditions under which 
zinc readily precipitates gold from solution (e.g., [Au(CN)2] 
= 10~5M, [CN-]tom = 10~3M, pH = 10), hydrogen willnot 
reduce Au(CN)2. Furthermore, it. is known that gold i9 not 
in fact precipitated from cyanide solutions by hydrogen at 
atmospheric pressure. At higher pressures and tempera
tures, the reaction does take place but it is relatively slow. 
Times of the order of hours are required for completion of 
precipitation81, in comparison with the. minutes or seconds62 
required by cementation. It is clear that the direct displace
ment reaction is the major, if not only, mechanism by which 
zinc precipitates gold.

On the evidence presently available one cannot completely 
discount the possibility that there may be conditions under 
which some reaction takes place by the alternative path in
volving the intermediate formation of hydrogen. However, 
it is most likely that the formation of hydrogen in this 
system is entirely a side reaction whose only importance is 
as a consumer of zinc.

Like cyanidatior., cementation is a heterogeneous redos 
process. Zinc is dissolved at the anodic areas of the surface, 
and the electrons released serve to reduce the aurous ions 
at the cathodic areas.

The addition of lead salts is thought to enhance the preci
pitation by contributing to the action of the local electro
chemical cells, but the mechanism of its action is unclear. 
The lead is known to be reduced at the zinc surface and Jto 
be deposited on it forming cathodic areas. Therefore, gold 
precipitated subsequently wifi tend to deposit in these areas. 
It has been suggested that in this way the lead prevents the 
zinc surface from being totally occluded by the gold deposit, 
and thus maintains the essential contact between, the 
solution and the anodic areas63. If the addition of lead is 
increased beyond a certain point, the recovery' of gold is 
severely reduced. The maximum addition to a pure gold 
cyanide solution has been determined by one worker to be 
3 x 10-4}! (100 p.p.m.) when the zinc addition is 265* 
p.p.m63. In practice, additions of lead are about a tenth of 2
this level. ©

wThe rate of reaction obeys an equation of the form64- 65>
, C° m
log — = kAt. 26 s*

Ct »
CO

where C0 is the initial concentration of Au(CN)2 in solution, o 
Ci is the concentration at a time t after the start of reaction, ° 
A is the surface area of zinc, and k is a constant. It is, there
fore, first order with respect to the concentration of auro- 
cyanide in solution, and directly dependent- on the area of 
precipitant. Other evidence leaves little, doubt that the 
reaction, in common with other cementation reactions00, is 
diffusion-controlled under all the conditions of concentra- 
tion and agitation that are likely to be encountered in © 
practice. Thus the rate has a small positive temperature w 
coefficient, and the overall activation energy is about 13 ?' 
kjoule mol-1. Since it is the diffusion of the aurocyanide that 1 
is rate-controlling, it is the reaction at the cathodic sites Q 
that governs the progress of the precipitation. The anodic * 
reaction apparently has significant influence only under ^ 
conditions where the anodic sites are blocked by the deposi
tion of insoluble products and films. In the course of the 
precipitation of the gold content of a solution, the rate of 
reaction falls steadily. At the same time, the potential of the 
cathodic sites at the surface falls towards that of the anodic 
sites which remains almost constant67. ^

The presence of oxygen in solution affects the process of • 
gold cementation adversely in a number of ways. Firstly, the 2 
rate of reaction varies inversely with the partial pressure of

gold ean take pfacr. by direct rephcement rea..ctions, such aa 

2.tu(CNi;; + Zn -:-- ~Au + Zn(CN)~- 22 

2Au(C~);+zn+30H--+2Au+HZn02+4C.N-+H20 2S 

Zinc can also react in alkaline cyanide solutions to produce 
hydrogen: 

Zn+ 4CN-· + 2H::0-+ Zn(CN) 4 - + ZOH- + Hi 24 

Zn+ 2H20 - HZnO; + .fft + Hi 25 

Since the reduction of Au(CN)2 to gold by hydrogc.n is 
favoured thermodynamically under a. wide _range ot co:1~
tions~ including most of those encountered m practice, 1~ 18 

also possible t,ha.t the precipita.t.ion of gold from cya.rude 
solutions does not proceed directly, as in rea.ctions 22 and 
23, but. t.hrough the intcrmedia.t.e formation of hydrogen: 

Au(CN); + H 2 -+ Au+ 2H+ + 2CN-

On the other haJ1d, for certain conditions 11Pdcr which 
zinc readily precipitates gold from solution (e.g., [.Au{9N}21 
=10-.aM, [CN-Jto,:i.1 = l0-3 1\f, pH= 10}_. hydrogen will not 
reduce Aa(CN);. Furthe.rmore. it is kno"'-n tha.t gold is not 
in fact precipitated from cyanide solution.~ by hydrogen a.t 
atmospheric pre..-i.sure. At higher pres~ur_es a.n<l: tempcra
t.lues,. the rea<:t-ion d~ . ., take pl:\,ce but 1t 1s relatively slow. 
Times of the order of hours are required for c.om pletion of 
p.recipitat.ion81, in con~pn.riso~ with the minut~s or s~onds6z 
required by cement.a.tion. It is clea.r t.hat the ~ect di'3pl~
ment reaction is the major, if not onJy_. mech.amsm by which 
zinc precipita,tes gold. 

On the evidence presently a va.iia.ble one cannot completely 
discount the possibility tha.t there may be condj_tions un~er 
which some reaction takes place by the alternat!ve p.-=tth m
volving the intermediate formation of hydrogen. Ho_weve~, 
it is most likely th.'.l.t the formation of hydrogen m this 
system is entirely a side reaction whose only import.a.nee is 
as a consumer of zinc. 

Like cvanida.tior., ccmentation is a- heterogeneous redox 
process. Zinc is di.c:isolved a.t t.he anodic areas of the ~mrfa,ce, 
and the electrons relea.soo serYe to .retluoe t.he a.urous ions 
at the cathodic area..s. 
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Th~ addition of lead skits is thought to enhance the pred
pitation by contributing to the action of the loc.a.1 electro• 
chemical cells, but the mechanism of its action is unclear. 
The lead js known to be reduced at the zinc surface a.nd to 
be deposited on it forming cathodic areas. Therefore, gold 
precipitated subsequent.tty will tend to deposit in these areas. 
It ha.~ been suggested that in this way the lead preventa the 
zinc surface from being tot.a.lly occluded by the gold deposit., 
and thus maintains the essential contact between the 
solut.ion and the anodic arease.1. If the addition of lead is 
increased beyond a cert.a.in point, the recov-ery of gold is 
severely reduced. The maximum ad(l.ition to a pure gold 
cyanide solution has been determined by one ,vorker to be 
3 X 10-4 M (100 p.p.m.) when the zinc addition is 265::r 
p.p.m63• In practice, additions of lead a.re about a reath ofg 
this le.vel. er, 

ttl 
The rate of reaction obeys an equation of the form 64, 65, 66 ;~ ' 

z Co m 
log-= k..i\.t. 26~ 

Ct ~ 

where C0 is the initial concentration of Au(CN)2 in solution., ~ 
Ca is the concentration at a. time t after t-he start of reaction, n 
A is the surface area of zinc, a.nd k is a constant. It. is~ there
fore, fi~t order with respect, to t-he concentration of auro• 
cyanide in solution, Mld direct.ly dependent. on the area of 
prenipita.nt. Other evidence leave:3 little doubt that the 
rea<!tion, in common with other cementation reac:tion.s.60• is 
diffusion-controlled under all the conditions of concent-rn.- tll 

tion and agitation tba.t a.re likely to be encountered in 0 

practice. Thus the rate has a small positive tempera.tu.re vi 
coefficient~ and the overall activatjon energy is about 13 ~' 
kjoule mol-1• Since it is the diffusion of the aurocyanide that 'f; 
is rate.-cont:rolling, it is the rea.ctfon at the ca.thorlic sites i:, 

that governs the progress of the precipitation. The anodic~ 
react-ion apparently has significant influence only under ~ 
conclitions where the anodic sites are blocked by t;he deposi
tion of insoluble products and films. In the- course. of the 
precipitation of the gold content of a solution, the rate of 
reaction falls steadily. At the same time, t.he potent.ial of the 
cathodic sites at the surface falls towa.rds t-ha.t of the anodic 
sites whi~h remains almost constan~. -o 

The presence of oxygen in solution a..ffecta the proc.-es.s of · 
gold cementation adversely in a number of wa.y8. Firstly, the ~ 
rate of reaction varies inver.sely with the pa.rtia1 preaso.re of 
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oxygen65. Secondly, there is a tender^ for the precipitated 
gold to redissolve under the influence of oxygen. However. 
if the gold remains in contact with zinc metal it will form 
the cathodic member of a local electrochemical cell, and the 
effect of oxygen will be to dissolve preferentially the more 
anodic zinc. Since the gold deposit is a compact and adherent 
one, redissolution is unlikely to be of importance in practice. 
Thirdly, alternative mechanisms are established for the 
dissolution of zinc:

Zn + £02 + 4CN- -f H20 ^ Zn(CN)3" + 20H'

Zn -f- ^02 + H20 ^ HZnOo + H+

Unlike reactions 24 and 25, these do not involve the libera
tion of hydrogen which is a slow stage. Thus the rate and 
extent of the dissolution of zinc are markedly increased by 
the presence of oxygen. Finally it has also been suggested 
that oxygen may act as a depolarizer for the cathodic areas 
of the zinc surface by reacting with the hydrogen that is 
formed there by reactions such as 24 and 25, and may, there
fore, actually be beneficial to cementation. Evidence has 
been put forward68 to show that the completeness of preci
pitation is increased by small concentrations (less than 
1 p.p.m.) of oxygen in solution. However, so small were the 
effects observed that the conclusion must be accepted with 
considerable reservations. In this context it is perhaps of 
interest that solutions proceeding to precipitation after 
de-aeration by the Crowe vacuum process have oxygen 
concentrations in the range 0,6 to 1,3 p.p.m69.

It is generally accepted that cementation is sensitive 
both to the alkalinity and to the free cyanide concentration 
of the solution. However, suitable experimental data are 
not available to allow the effects of these reagents to be 
characterized in any detail. Leblanc63 has shown that the 
recovery by precipitation falls off markedly for pH values 
below 8 at cyanide concentrations of 2 to 3 x lO^M. Above 
pH 8 the recovery increases gradually to a maximum at a 
pH of about 11,5. It has also been shown that the rate of 
precipitation increases slightly as the alkalinity increases 
from 10-3!! to 0,1 M66. At very low cyanide concentrations 
and alkalinity, little or no precipitation takes place65’70. The. 
reasons for these effects are bv no means certain, nor is it 
certain how generally applicable the results described are.

Much better established is the finding that the pH and 
ovanide concentration of the solution, together with the
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total concentration of zinc in oxidized forms, [Zn(H)]tot&i. 
combine in a complex manner to determine whether the 
Zn(II) remains in solution or precipitates. This topic has 
been introduced above in the discussion of Figure 4.

Figure 9 shows more clearly bow the domains of solubility * 
and insolubility of Zn(II} vary with pH, [Zn(II)]|0iaj, m 
and [(CN-)] total- Precipitation of Zn(0H)2 is of importance in 
the cementation of gold, because it tends to take place at 
the surface of the zinc and has the effect of retarding the 
reaction, and even stopping it entirely63-69-70-73. The me
chanism of this action involves, primarily, the formation 
of a barrier between the solution and the surface sites, -p 
thereby preventing access of reagents to or removal of • 
products of reaction from the surface. As the precipitation * 
proceeds, the whole of the 7inc surface becomes oovered by a 
macroscopic layer of zinc hydroxide. In essence, this is the

oxygen65 • Sec.ondiy. there i.~ a t.endcncy for the prccipit..atoo 
gold to redissolve under t;he influence of oxygen. However~ 
if the gold remai.rIB in contact v.ith :1inc meta.I it. will form 
the cathodic member of a local elec:trochemical cell, and the 
effect of oxygen will be to dissolve preferentially t.he more 
anodic 1.inc. Since the gold deposit is a compact and adherent 
one, redissolution is W1likely to be of importance in practice. 
Thirdly, alterna.tive mechanisms are established for the 
dissolution of zinc: 

Zn+ !02 + 4CN- + H20 ~ Zn(CN)t· + 20H-

Zn + ½02 + H2O ~ HZnO2 + H+ 

Unlike react.ions 24 and 25, these do not involve the libera
tion of hydrogen which is a. slow stage. Thus the rate a.nd 
extent of the dissolution of zinc are markedly increased by 
the presence of oxygen. !4.,inaUy it bas also been suggested 
tba.t oxygen may act as a. depolarizer. for the ca.thodic a.reas 
of the zinc surface by rea<:ting with the hydrogen that is 
formed there by reactions euch as 24 and 25, and may, there
fore, actually be beneficial to cemcntation. Evidence has 
been put forward68 to show that the completeness of preci
pitation is increased by small concentrations (less thn.n 
l p.p.m.} of oxygen in solution. However. so small were the 
effects observed tba.t the conc-hIBion must be n.ccepted with 
<:onsiderable reservations. In this context it is perhaps of 
interest that solutions proceeding to precipita.tion after 
de-aeration by the Crowe Ya.cuum process have oxygen 
concentrations in the range 0,6 to J ,3 p.p.m69• 

It is generally a.ccepted that cementa.tion is sensitive 
both to the alkalinit.y and to the free cyanide concentration 
of the solution. However, suit.able experimental data are 
not available to allow the effects of tpese reagents to be 
characterized in any detail. Leblanc63 has shown that the 
recovery by precipitation falls off markedly for pH values 
below 8 a.t cyanide concentrations of 2 to 3 X l Q-J M. A hove 
pH 8 the recovery increase.a gradually to a r::1aximum at a 
pH of about lI,5. It has also been shown that tne rate of 
precipitation increases slightly as the alkalinity increases 
from 10~ M to 0,1 1\166• At very low cyanide conc.en.tra.tioos 
a.nd alkalinity, litt!e or no pl"C(!ipitat.ion takes p]a,ceM, 70. The. 
reasons for these effects are bv no means certain, nor is it 
certain how generally applicable the results described are. 

Much better establishe.d is the finding that t..he pH and 
cyanide concentration of the solution~ together with the 
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total concentra,tion of zinc i.n oxjdized fc•rms, [ZnfII)JtoU:t, 
combine in a oomplcx manner to determine whether t.he 
Zn{II) remains in soiution or pre<:ipitates. This t.opic b!µJ 
been introduced above in the discussion of Fit.--nre 4. · 
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Figure 9 shows more clearly how the domains of solubil1ty -i> 

and insolubility of Zn(II} var_y with pH, [Zn(I1)] 101.a;, ~ 
and [(CN-}hotal• Precipitation ofZn{OHh is of import.a.nee in 
the c:ementa.tion of gold, because it tends to take pJa,:,e at 
the surface of the zinc a.nd bas the effect of retarding the 
react1on, and even stopping it, cniirely63, 69 , 7o. n. The me
chanism of this a.ct.ion involve.s, prim.a.rily, t.be forrna.tion 
of a barrier between the solution aorl the srufa.ce sites, -o 
thereby preventing access of reagents t-0 or remova.I of · 
products of readion from the. surface. As the preci.pitatim1 ~ 
proceeds, the w:hole oft.he zinc surlare becomes oovered by a 
macroscopic layer of zinc hydroxide. In essenoo, this is the 
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‘‘white precipitate” that caused severe problems in. the 
cementation of gold on zinc shavings.

The data set out in Figures 4 and. 9 make it clear that 
difficulties due to the precipitation of zinc hydroxide can 
be avoided, if the alkalinity and cyanide concentration of 
the solution are controlled, and above all, if the concentra
tion of zinc in the'oxidized state is kept to a minimum. 
Vacuum de-acration, which was introdcced primarily as a 
means of reducing the high zinc consumption that resulted 
from the use of zinc dust, had the important secondary 
benefit of reducing the danger of interference from the pre
cipitation of zinc hydroxide.

Although the liberation of hydrogen by zinc from alkaline 
cyanide solutions is favoured thermodynamically (see 
Figure 4), one would not (in view of the high hydrogen 
over-voltage of zinc) expect significant quantities of the 
gas to be formed. That hydrogen is indeed evolved in 
observable quantities during cementation can be explained 
by the fact that the deposition of gold provides a cathodic 
surface with a very much lower over-potential; and it is 
from the gold surface that the hydrogen evolution takes 
place.

Many of the common constituents of gold cyanidation 
solutions influence the cementation reaction. Calcium 
sulphate tends to precipitate ou the zinc and deactivate it.. 
In the absence of sulphate, calcium ions appear to have a 
beneficial effect on the recovery63. Sulphate, sulphite, 
thiosulphate, and ferroc.yanide ions have a slightly depres
sing effect. They reduce the recovery by one or two per cent 
when present in concentrations of 10-3 to 10-2 M in 10-3 M 
cyanide solutions. Much more serious are the effects of 
sodium sulphide, copper cyanides, and arsenic and antimony 
compounds63*72. They reduce the recovery significantly 
when they are present in concentrations of about 10-5 to 
IO^M. The extent of the reduction increases progressively 
with the concentration, until cementation ceases altogether. 
The concentrations at which this happens are given as63*72:

Sulphide 
Copper cyanide 
Antimony 
Arsenic

4,5 X lO^M 
fi x 10-3 M 
1,65 X 10-\M 
2,3 x 10-»M

Little is known of the mechanism of these effects. The 
great sensitivity of both cyanidation and cementation to

the presence of sulphide, suggests that a similar mechanism 
may be involved, and that sulphide may have a specific 
retarding effect on the anodic dissolution of zinc. The dele
terious action of copper decreases as the concentration ol: 
cyanide increases. Although it has been shown that the 
presence of copper deposits at the- zinc surface is cot suffi
cient to account- for the observed behaviour73, no satisfactory 
alternative mechanism has been proposed.

What is known of the chemistry of cementation shows 
the surface area of the zinc precipitant to be one of the most 
important variables in the system. If it is borne in mind 
that the specific surface area of a typical zinc dust is some 
500 times as great as that of typical shavings*, it becomes 
clear why the substitution of zinc dust for shavings repre
sented such an important advance in cementation techno
logy. The cementation reaction is diffusion-controlled. Thus 
(see equation 26), under otherwise identical conditions the 
rate of cementation by dust should be hundreds of times 
greater than that by shavings. Furthermore, since most 
inhibitors act by forming barriers at the surface, their 
effects can be reduced by increasing the surface area. On 
the other hand, the rate of wasteful dissolution of zinc by 
side reactions such as equations 24 and 25, will also increase 
with the surface area. For this reason it is essential that 
when zinc dust is used, steps should he taken to reduce the 
extent of these reactions—hence, the importance of de
aeration of solutions, and of minimizing the time of contact 
between the solution and the zinc.

CEMENTATION BY ALUMINIUM

The use of metallic aluminium as a precipitant for gold and 
silver from cyanide solution was first proposed in 1893. 
Although the process has several attractive features, its use 
has never been widespread. It was thought to be more 
effective for the recovery of silver than of gold, and, indeed, 
that the precipitation of gold is incomplete unless substantial 
concentrations of silver are present. However, the only 
clear evidence on the point74 indicates that gold is preci
pitated very efficiently even in the absence of silver, as long 
as the solution is de-aerated.

The attractive features of precipitation on aluminium are 
the following:
* WortcaweCer** cidrulMed the geometric mrfticc area of a eypfeml dust to be (&*/£. 23102 

of UiiekMM 7,fi2 x I0-*un <0.003 io) have • oorretpondmi; forfocr area of 37 cnrVfj.
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"white prccipit.'Ltc" that c.ausc<l severe problems in the 
ccinenl:-ttion of gold on zinc shavings. 

The data set cut in Figures 4 and 9 make it clear that 
difficult.ies due to the precipita.t.ion of zinc hydroxide can 
be a~oided. if the a.lk:iJ.initv and cvarudc conc:entration of 
the solutio~ are controlled, .. and :lc>0-.:e aJJ,' if t-he concentra
tion of zinc in the· oxidized state is kept to a m.i.rrimum. 
Va.cu.um de-acra.tion, which was introdoced primarily M a 
means of reducing the high zinc consumption that result...ed 
from the use of zinc dust., bad the important secondary 
benefit of reducing the danger of interferencP- from the pre
cipitation of 7..inc hydroxide. 

AJthough the liberation of h:ydroge.n by zinc. from alJrn.linc 
cyanide solutions is favourod thermodynamically (see 
Figure 4), one would not (in view of the high hydrogen 
over-voltage of zinc) expect significant quant.ities of the 
gas to be fom1ed. That hydrogen is indeed evolved in 
observab1e quantit.ies during cementat-ion c.an be exp1ain<.'d 
by t,he fact t.ba.t the deposition of go!d provides a cathodic 
surface with a very much lower over-poteot.ic\l; and it is 
from the gold surface that the hydrogen evolution takes 
place. 

Many of t.ho coxw:non constit.uent.s of gold cyanidation 
solutfons influence the cement.ation react.ion. Calcium 
sulphate tends to precipitate ou the zinc. and dea.ct.ivate it .. 
In the absence of sulpha.t.e, calcium ions appea.r to have; a 
beneficial effect on the r~cove.ry63• Sulphate, sulJlhite, 
t.hiosu1pbatc, and ferrocyanide ions have a 8lightly depl'es
sing effect. They reduce the recovery by one or two per cent 
when present in c.onccntrat.ion$ of l0-3 to 10-2 ::o-r in JO-3M 
cvanide solutions. Much more serious a.re t.he effects of 
sodium sulphide, copper cyanides, and a-rsenic and r,ntimony 
compound.s63, ' 2• They reduce t.he recovery significantly 
when they are present in concentrat.ion.s of about 10-S to 
IO~M. The extent of the reduct.ion increases progressively 
with the concentration, until ecmentation ceases a.lt.oget.her. 
The concentrations at which this happens are giv~n as63, 72 : 

Sulphide 
Copper cya.nide 
Antimony 
Arsenic 

4,5 X IQ-4M 
ti >( 10-:. .M 
I ,65 x 10-4_.M 
2,3 X I0-4 M 

Little is known of the mechanism of t.bese effects. The 
great se.ru;itivity of both cyanida.tion and cemeotation to 
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the prC;sen<.'<! of sulphide suggest.a that a similar mechanis~ 
may be invclved, nnd t-ha.t sulphide ma.y have a epeciii~ 
ret.a.rding effed on t,be anodic dissolution of zinc. The dele
terious action of copper decrea.':!es as the concentration ot 
cyanide increa..~s. Although it ha.'3 been shown that the 
presence of copper deposits a.t the 7.inc smface is not suffi. 
cient to I\CCOunt. for the observed behaviour'""3, no satisfactory 
alternative mechanism has been proposed. 

\Vhat is known of the chemistry of cementation shows 
the surfa-c.e area of the ~inc precipitant to be one oft.he most 
important variables in the system. If it is borne in mind 
that, the specific surface area. of a typical zinc dust is some 
500 times as great a.s that of typical shaYings*, it be,~omes 
clear why t.he substitution of zjnc dust for sba,;ngs repre- :r 
sented such an importRnt advance in cementat.ion techno- g 
logy. The cementa.tion reaction is diffusion-controlled. Thus oo 
(see equation 26)~ under otherwIBe identical conclitions the~ 
ra.t,e of cemc:ntat-ion by dust should be hundreds of times ~ 
greater than that by shavings. Furthermore, since most rn 
inhibitors act by forming barriers at the surface, their~ 
effects can be reduced by increasing the surface area. On ~ 
the other hand, t.he rate of wasteful dissolution of zinc by o 
side reactions such as equations 24 a.nd 25, will also increase 0 

with the eurface area.. For this reason it is essentia.1 that 
when zinc dust is used, steps should be t.n.ken to n."<luce the 
extent of these reactions-hence, the importance of de
aerat.ion of solutions, and of minimizing t.he time of contact 
between t.he solution and the zinc. · 

CEnfENTATlON BY AL"IDllNTOM 

The use of met.a.llic aluminium a.s a precipitant for gold and l~ 
silver from cyanide solution was first proposed in 1893 . .r. 
Although tbe process bas several attractive features, its u.'3e 0 

bas never been widespread. Jt was thought to be more &l 
effective for the recovery of silver tho.n of gold, a.nd, indeed:- ,.. 

· that the precipitation of gold is incomplete wtless imbst.a.ntia.J 
concentra.tions of silver are present. However, the only 
clea.r evidence on the point74 indica.tes tha.t gold is preci
pitated very efficiently even in the abs.ence of silver, us long 
as t.he solution is de-aerated. 

The attractive features of precipitation on alumi..rtium are., 
the following: ~. 
• Wt1rta,wei!e:"" ('i,!rul,.t~ tbr: ""'°wetrfo ourface lll'l'U of a cypit-al du."1. to bt :!.JI a>'IP,. Zlnc o.hA-villliS UI 

of 1.hiebea 7,1!2 x lO""'a:l \0,003 In) h:"'e • D'IITI:ll,Ond.ir.,; pg.-1=, II.JU cf $7 cm",lr,. 



J. The cyanide content of the solution is regenerated. 
Unlike zinc, the aluminium that dissolves during the process 
does not combine with cyanide.

2. Most of the constituents of “foul'11 cyanide solutions 
that interfere with the zinc process are without effect on 
aluminium precipitation.

In essence, cementation by aluminium takes place by a 
mechanism similar to that of precipitation on zinc. The 
aurous cyanide takes up an electron at a cathodic site on 
the aluminium surface, and is reduced to gold metal. At 
the anodic sites, aluminium is oxidized

A1 ^ AP+ + 3e.

In alkaline solution

Al3+ + 30H" ^ AI(0H)3

and
A1(0H)3 + OH- ^ AIO3 + 2H20.

Since the soluble ahiminate forms in preference to the 
insoluble hydroxide under a. wide variety of conditions, the 
reaction proceeds unhindered by the formation of surface 
flams.

Aluminium does not form strong bonds with sulphur, 
arsenic, and antimony. Thus, its compounds with these 
elements tend to dissociate in contact with water with the 
formation of Al3+, A1(0H)3, or AlOg, depending on the pH 
and concentration of aluminium. It is probable that the 
resistance of aluminium to poisoning by these elements is 
due to this property.

PRECIPITATION BY SOLUBLE REDUCING REAGENTS

Soluble reagents such as hydrogen sulphide, sulphur dioxide, 
sodium sulphite, and ferrous sulphate have been used 
industrially to precipitate gold from chloride solutions. 
Hydrogen sulphite precipitates gold as the auric sulphide, 
the ethers reduce it to the metal. The reasons-,for their 
ability to precipitate gold from chloride and not from 
cyanide solutions have been referred to earlier in this chapter.

Reductive precipitation prooeeds without difficulty and 
gives essentially complete recoveries very rapidly. Thus 
there has been little incentive to study the mechanism of 
the reactions.

Although none of the other metallic chlorides found in 
typical chlorination solutions is precipitated by the reductive 
precipitants, the precipitated gold may be contaminated by 
significant concentrations of copper, silver, and iron. 
However, such contaminants can he removed by relatively 
simple procedures. Copper, and to a lesser extent, silver can 
be washed Out of the precipitate by solutions containing 
ammonium ion. Iron is removed by washing with acid 
followed by smelting with a borax-based flux containing an 
oxidant such as manganese dioxide*9-50. It is not certain in 
what form the contaminants are present., and their behaviour 
towards the solutions used to remove them shows many 
puzzling features.

TON EXCHANGE AND SOLVENT EXTRACTION

Ion exchange and solvent extraction techniques have been 
introduced into hydrometallurgy within the last two 
decades. They are used for recovering metallic ions from 
aqueous solutions, and simultaneously concentrating them 
and separating them from contaminants. Both techniques 
entail the transfer of the ion to and from a second phase: 
first the ion is transferred selectively from the leach liquor 
to the second phase, then, it is returned to a reduced volume 
of fresh aqueous solution from which it can be precipitated 
more economically and in a higher state of purity. In ion 
exchange the second phase is an organic polymer, in solvent 
extraction it. is a water-immiscible liquid. It is claimed that, 
with suitable design, both ion exchange and solvent extrac
tion are more effective than the zinc cementation process 
for the treatment of highly contaminated solutions. In 
principle both techniques can be applied direct to pulps (the 
“resin-in-pulp” and “solvent-in-pulp” processes), thereby 
enabling the costly filtration stage to be dispensed with and 
the attendant losses of soluble values in the filter cakes tow 
be eliminated. At the time of writing, the resin-in-pulp 
process is being seriously considered for the recovery of gold 
from evanidation solution. Indeed,'Tthas been.designated 
the preferred technique for use in new planti’ln the Soviet 
Union75.

The chemistry- of these processes is complex and can be 
created here only in the barest outline. For further details,!11 

the reader is referred to works devoted specifically to these © 
subjects 76- 77.
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l. The cyanide content of the solution is regenerated. 
Unlike zinc, th~ alum.inium t,hat dissolves duri."lg the process 
does not comhine with cvanide. 

2. Most of t.he constifuenL~ of ''foul'~ cvanide solutions 
t.hat interfere with t.he zinc proce..&'3 are -..rit,hout effect on 
aluminium precipitation. 

In essence, cementation by aluminium takes place by a 
mechanism similar to tha.t of pre~ipitation on zinc. The 
auroos cyanide takes up an electron at a cathodic site on 
the aluminium surface, and is reduced to gold metal. At 
the anodic sit.es, aluminium is oxidized 

.Al ~ Al3+ + 3e. 

In alkaline solution 

and 
Al3+ + 30H- ~ Al(OH}3 

Al(OH)3 + OH- ~ A102 + 2H20. 

Since the soluble aluminate forms in preference to the 
in.soluble. hydroxide under a. wide variet,y of condit.ions, tho 
reaction proceeds unhindere.d by the formation of surface 
films. 

Aluminium does not form strong bonds ·with .sulphur, 
arsenic, and a.nt.imony. Thus., its compou.nds with t.h(.-se 
~Ieme?1ts tend to di~ociate in contact with water with t.he 
formation of A13+, Al(OHh. or AlO2• depending on the pH 
and concentration of aluminium. It is proba-ble that t.he 
resistance of aluminium to poisoning by these element.s is 
due to t,his property. 

Plt.ECIPITA.TION BY SOLUBLE REDUCING REAGE....~TS 

Soluble reagents such as hydrogen .sulphide. sulphur dioxide, 
sodium sulphite, a.nd ferrous sulphate have be.en used 
industrially to precipitate gold from chloride solution$. 
Hydrogen su.Jphitc precipitates gold as the auric sulphide, 
the ethers reduce it to the metal. The reas<>DB·. for their 
ability to precipitate gold from chloride a.nd not from 
cyanide solutions have been referred t-0 earlier in this chapter. 

Reductive precipitation prooe.eds without difficulty and 
gives essentially c-.omplete reco,Te.ries very rapidly. Thus 
there ha.s been little incenti'\'e to study the mechanism of 
the re.a.ctiona. 
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Alt.hl'.\ugh none of the other metallic ch]orides found in 
typical chlorination solutions is precipitated by the reducti.ve 
precipitants~ th~ precipitated gold may be contaminated by 
siguifica.nt concentrations of copper. silver, and iron. 
However, sm.:h contaminants ca.n be removed bv relativt!ly 
simple procedures. Copper. 3.Ild to a. lesser extent, silver can 
bA.. washed out of the precipitate by solutions containing 
ammonium ion. Iron is removed by washing with a.cid 
followed by smelting with a borax-based flux containing an 
oxidant such a.s manganese dioxide<&, 50• It is not certain in 
what form the contaminants are present., and t.heir behaviour 
towards the solutions used to remove t.hern shows many 
puzzling features . 
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Co 
lON EXCHANGE AND SOLVENT EXTRACTION er, 

ttl c:, 
Ion excha.nge and solvent extraction t.cchrriques have been ;l'J 

introduced into hydromet,?Jlurgy v.ithin the Jast two~ 
decades. They are used for recovering rnetaUic ions from; 
aqueous solutions, a.nd simultaneously concentrating them lf1 

and separating them from contaminants. Both techniques~ 
entail the transfer of the ion to and from a second pha.se:n 
first the ion is transferred selectively from the leach liquor 
to the second phase, then it. is returned to A. red need volume 
of fre~h aqueous solution from v;rh.ich it can be precipita.ted 
more economically and in ti higher state of purity. In ion 
excha.nge the second phase is an oq,ranir. polymer. in solvent 
extraction it, is a water-imm.iscih1~ liquid. It, is claimed tha.t, 
with suitable design, both ion exchange and solvent extra.c- ~ 
tion a.re more effective than the zinc cement.at.ion pr0l~essv1 
for the. treatment of highly ~ont.aminated solutions. In o-, 
principle both techniques can be applied direct to pulps (thet 
''resin-in-pulp" and "'solvent-in-pulp" process~), thereby 
enabling the cost.ly filt.rat-ion stage t.o be dispensed with and~ 
the attendant. losses of soluble values in the filter cakes to c,1 
be eliminated. At the time of writing. the resin-in-pulp ... 
process is being seriously considered for the recovery qf gold 
from cyanidation solution. Indeed,,it~~11-de.signa.ted 
.. he preferred technique for use in new plants in the Soviet 
Un.ion's. 

The chemistry of the-!:.4e processes is complex and can be 
trea.ted here only in the barest out.line. For further details, :1 
:.he reader is referred t.o works devoted STW.Cifically to these e,:, r-~ ~ (J· 

subject~ 76• 77• • 
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DESIGN
Unique Bete spiral nozzles 

solve many difficult spray problems 
HIGH ENERGY EFFICIENCY 
One piece • no internal parts 
Clog-free performance 
High discharge velocity

SPRAY CHARACTERISTICS
Wide range of flow rates and spray angles 
Fine atomization
Spray patterns • full and hollow cone 
Spray angles ■ 50° to 120°
Flow rates • .7 to 3350 gpm 
Higher flow rates available

FULL CONE 60' Full Cone available in metals only.

Sortl
Angle

Ma«
Pip*
to

feezrte
Humor

Orifice
Da

Ftp*
Passage

Da
Overall
itogift

Hex m
HpuM
Da

Weigh:
Plastic Mini

Or Or 10 7t 30

gallons pep MINUTE 6

40 50 60

PSI

80 100 ?00* 400*

TF6NN 3.32 3/32 1 7/8 3/4 1 .7 1.0 1.2 1 4 1.6 1.7 2.0 2.2 3 1 4 4
1/4 TF8NN 1/8 1/8 1 7/8 34 1 1.3 1.9 23 26 29 3.2 36 4 1 6.0 8.2

TF10NN 5/32 1/8 1 7/8 3/4 1 2.0 29 3.5 4.0 45 50 5.9 6.8 9.2 13.0

TF6NN 3/32 332 1 7/8 3/4 1 .7 1.0 1.2 1.4 1.6 1.7 20 22 3 1 4 4
TF8NN 1/8 1/8 1 7/8 34 1 1.3 1.9 23 26 29 3.2 38 4.1 6.0 82
TF10NN 5/32 1/8 1 7/8 3/4 1 2.0 2.9 3.5 4.0 4.5 5.0 89 68 9.2 13.0

3/8 TF12NN 3-16 1/8 1 7/8 34 1 1/2 3.0 4.2 52 60 67 74 8.5 9.8 134 19
TF14NN 7/32 1/8 1 7/8 34 1 1/2 4.0 5.7 7.0 8 1 9.0 10.0 11 4 125 18 25
TF16NN 1/4 1/8 1 7/8 34 1 1/2 5.3 7.5 9.2 10.6 11.8 13.0 15 0 16 7 24 3360 TF20NN 5/16 1/8 1 7/8 34 1 1/2 82 11.7 14.3 16.5 184 20.0 23.3 26 1 36 52

TF24NN 3/8 316 2 1/2 7/8 2 34 12.0 17.0 208 24 1 26.6 29 4 34 36 54 76
TF28NN 7/16 316 2 1/2 7/8 2 34 16 4 23 28 33 37 40 46 82 74 104

3/4 TF32NN 1/2 316 2 34 r 1 1/e 4 1/2 21 30 37 42 47 82 60 67 94 134

TF40NN 5/8 1/4 3 38 } 1 38 7 1/2 34 48 57 67 74 81 94 105 146 210
l/o__ Tc 48NN 3/4 1/4 3 38 J 13<e 7 1/2 47 67 83 95 107 117 138 151 214 302

TF56NN 7/8 316 4 3'B 2 21 64 93 112 129 145 159 184 208 29C 410
1 1/2 TF64NN 1 316 4 38 2 21 84 120 147 169 190 208 240 268 380 536

TF72NN i 1/8 316 4 38 2 21 96 137 165 192 213 235 270 302 426 604
TF6FCN 332 332 1 11/16 34 1/2 1.0 1.2 l - 1 6 2.C 3.1 44 '
TF8FCN 1/8 1/8 1 11/16 34 1/2 1 1.3 1.9 2.3 26 29 32 38 4 1 60 82

TF6FCN 332 332 1 7/8 34 1/2 1 .7 1.0 12 1 4 1 6 1 7 20 2.2 3 1 4 41/4 TF8FCN 1/8 1/8 1 7/8 34 1/2 1 1.3 1.9 23 2.6 25 3.2 3 8 4 1 60 8.2
TF10FCN 532 1/8 1 7/8 34 1/2 1 2.0 29 35 4.0 4.5 50 59 65 9.2 13.0

TF12FCN 316 1/8 1 7/6 34 34 1 1/2 3.0 4.2 5.2 6.C 67 7 * 65 98 134 19
TF14FCN 7/32 1/8 1 7/8 34 34 1 1/2 4.0 5.7 70 8.1 90 100 11 4 12 5 16 25
TF16FCN 1/4 1/8 1 7/8 34 34 1 1/2 5.3 75 92 10.6 11.6 13.0 15.C 16 7 24 33
TF20FCN 316 1/8 1 7/8 34 34 1 1/2 62 11.7 14.3 16.5 184 20.0 23 3 26 1 36 52

90° TF24FCN 36 316 2 1/2 7/8 1 2 3it 12.0 17.0 2C.8 24 1 26 6 29 4 34 36 54 76
TF28FCN 7/16 316 2 1/2 7/8 1 2 34 164 23 28 33 37 40 46 52 74 104

*4 TF32FCN 1/2 316 2 3*4 1 1 1/8 1 1/2 4 1/2 21 30 37 42 47 82 60 67 94 134

TF40FCN 38 1/4 3 5/8: 1 38 2 1/2 7 1/2 34 48 57 67 74 81 94 105 148 210

nurs-
TF48FCN 34 1/4 3 5.8: 1 38 2 1/2 7 1/2 47 67 83 95 107 117 135 151 214 302

TF56FCN 7/8 316 4 38 2 5 1/2 21 64 93 112 129 145 159 184 205 290 410
1 1/2 TF64FCN 1 316 4 38 2 5 1/2 21 64 120 147 169 190 208 240 268 380 536

TF72FCN 1 1/8 316 4 3/8 2 5 1/2 21 96 137 165 192 213 235 270 302 426 604

TF88FCN i 3/8 7/16 5 7/8 2 1/2 6 1/2 26 140 198 240 m 310 340 395 438 620 876
TF96FFCN 1 1/2 7/16 6 7/8 2 1/2 7 1/2 32 178 250 310 355 395 430 505 560 790 1120

TF112FFCN 1 34 9/16 8 3 1/2 26 104 256 362 448 516 580 636 736 610 1160 1720
TF128FFCN 2 9/16 8 3 1/2 26 104 336 480 586 676 760 832 960 1072 1820 2140

4 TF160FFCN 2 1/2 38 9 4 1/2 40 160 525 750 920 1058 1188 1300 1500 1678 2370 3350

•High pressure operation recommended tor metai nozzles only.
For adapters and Pushings, refer to Accessories page tPtastic length; 3 5/8' 1 Plastic length; a 3/8'

16 TO ORDER. Specify Spray Angle. Pipe Size. Nozzle Mumper and Material BETE FOG NOZZLE INC.16 
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DESIGN 
Unique Bete spiral nozzles 

solve many difficult spray problems 
HIGH ENERGY EFFICIENCY 
One piece - no internal parts 
Clog-free performance 
High discharge velocity 

FULL CONE 60" Full Cone available tn metals only. 
Ihle ff• • w 

SortJ .,,,. Orifice hs11111 O.e R .. 1111 l'lubt 
Aap Sile Ho Dia. o .. LHV, D<I Dz 

TF&N 3.32 3132 1 718 3,t 
1/4 TF8N 1/8 1/8 7/8 3 ,, 

TF10N 5r.l2 1/8 718 314 

TF6NN 3132 3132 1 718 3 ,, 

TF8NN 118 1 1 718 3. 
TF10NN 5132 1/8 1 718 3 ,, 

318 TF12N 3116 118 718 314 
TFUNN 7132 118 718 :i,, 

TF16NN ,. 118 718 314 
60 ° TF20N 5116 1/8 718 3/4 

TF24NN 318 3116 2 112 718 
112 

TF28NN 7116 3116 2 1/2 718 

31• TF32NN 12 3116 23• 1 118 

THON 518 11( 3 518 l 318 
1 r<,BNN 31• 1/A 3 518 I 318 ~· rt.Ill / F56 NN 718 I 4 318 2 

1112 TF64NN 1 5116 • 3 '8 2 
TF72NN 118 5116 • 3i 2 

TF&FCN 3.32 3.32 111111, 31• 112 
111 TF8FCN 118 1 1 11 16 3/4 112 

TF&FCN 3.32 3'32 1 71 31• 
114 TF8FC 1 1 1 718 3/4 112 

TF10FCN 5.32 118 1 716 3,. 1/2 

TF12FCN 316 1 716 :i,, 3!• 
TF UFCN 7132 118 718 Jt• 3., 

311 TF1 6FCN 11< 118 1 18 3• 31• 
TF20FCN 5 16 1'8 716 3C 3,, 

goo TF2, FCN 318 3116 2 112 718 
112 TF28FCN 7116 l/16 2 1/2 718 

31, TF32FCN 112 3116 23• 1 118 1 112 

?.( t"- 1 
TF40FCN 518 114 3 5'8 I 318 2 1/2 

1 TF'8FCN 3 518 I 1 318 2 1/2 ;11. S"S" J/4 114 

TF56FCN 718 5116 • 318 2 5 112 
1 112 TF6,FCN 1 5116 • 318 2 5 112 

TF72FCN 118 5116 c 318 2 5 112 

TFllllFCN 1 318 7116 5 7/8 2 112 6 112 
2 TF96FFCN 1 112 7116 6 718 2 1/2 7 112 

TF1 12FFCN 1 314 9116 8 3 112 26 
3 TF128FFCN 2 9116 8 3 112 26 

4 TF160FFCN 2 1/2 518 9 • 112 , o 

For adaoters and bushings, refer to Accbssones page 

TO ORDER. Specify Spray Angle, Pipe Size. ozzle Number and Matenal 

I 
Ille I o, 10 

7 

.3 
2.0 

1 
1 .3 
1 2.0 
112 3.0 
112 4.0 
112 53 

1 1/2 82 

2 31• 12 0 

2 31• 16 4 

• 112 21 

112 3< 
1 • 

21 6• 
21 8-< 
21 96 , 1 

.3 

.7 
• 3 

2C 

I 112 30 
12 4 .0 

1 !2 53 
1 12 82 

2 31, 12.C, 
2 31• 16 C 

• 1/2 21 

7 1/2 34 
7 112 47 

21 6• 
21 84 
21 96 

26 140 
32 178 

104 256 
104 336 

160 525 

111 

0 
1.9 
29 

.0 
1.9 
29 

•2 
57 
7.5 
1 7 

17.0 

23 

30 

48 

6 

93 
120 
137 

1.0 
.9 

.9 
29 

4.2 

5 
.5 

11 

i .0 
23 

30 

48 

67 

93 
120 
137 

198 
250 

362 
480 

750 

SPRAY CHARACTERISTICS 
Wide range of flow rates and spray angles 
Fine atomization 
Spray patterns • full and hollow cone 
Spray angles• 50° to 120° 
Flow rates • .7 to 3350 gpm 
Higher flow rates available 

GALLO S l'U MINUTE C PSI 

30 ,o 50 lO 10 100 zoo· ,oo· 
.2 1 • 1.6 1 7 2 .0 2 31 4• 

2.3 2.6 29 3.2 38 4 I 6.0 8.2 
3.S 4.0 • 5 50 5.9 65 92 130 

1.2 1.• 1.6 1.7 20 22 3 1 •• 
2.3 2.6 9 3.2 38 • 60 82 
3.5 4.0 4.5 50 59 65 92 130 
52 6.0 67 7• 8.5 95 13 4 9 
70 81 90 100 11 • 12 5 18 25 
9.2 10.6 · .8 130 15 0 16 7 2• 33 

14.3 16.5 8• 20.0 23,3 2 1 36 52 -- - --20,8 2< 1 26.S 29 4 3< 38 ~ 76 
26 33 37 •O 46 52 74 1()4 

37 42 47 52 60 67 9• 13' - --57 6 74 81 9• 105 148 210 
83 95 107 1 7 135 151 214 302 ----
12 129 145 159 18-< 205 290 410 

147 169 1 208 240 268 380 536 
165 192 21 3 235 270 302 426 604 -1 i 1 : 1r, 1 • 2 C, 2: 31 44 

.3 26 29 3 36 • 1 60 82 

.2 , . 1 r, 1 20 22 3 1 44 
3 2.e 3 38 • 60 ll2 

35 • C • 5 5 59 65 92 3.0 
- ----

52 6.0 1;7 74 65 9~ 13 • 19 
70 5· 90 10C 1 • 2 16 25 
92 10.6 6 13.0 50 16 • 2• 33 

1(3 16.5 18 • 200 2:l 3 r· 3E 52 
--·-

206 2•. 266 2;,. l• 36 >' 76 
28 33 3 C 4 6 ~2 1, 104 - ---
37 ~2 J7 5 60 6 7 9• 13' 

57 67 7• 81 94 105 148 210 
83 95 10~ 117 135 151 21• 302 

-- -112 129 ICS 159 18' 205 290 41 0 
147 169 190 208 240 268 380 536 
165 192 213 235 270 302 426 604 

240 280 310 340 395 438 620 876 
310 355 395 430 505 560 790 1120 

448 516 580 636 736 810 1160 1720 
588 676 760 832 9&0 1072 1520 2140 

1120 1058 1188 1300 1500 1675 2370 3350 

• High pressure 00erat10n recommenced tor metal nozz1es only. 
f Plastic lengtn; 3 51B·· i Plast,c length: 4 318"" 

BETE FOG NOZZlE INC. 



Hollow Cone 50* N

FULL CONE

120° W

k

Full Cone 120* FC

MATERIALS
PVC
Polypropylene
Teflon
Brass
303 Stainless Steel 
316 Stainless Steel 
C-20
Hastelloy C 
Inconel 625 
Incoloy 
Tantalum 
Titanium 
Other materials 

on application

TYPICAL APPLICATIONS
Chemical processing 
Cooling gases 
Deaerating 
Dry powder systems 
Dust removal 
Evaporative cooling 
Evaporative disposal 
Fixed fire protection 
Halon systems 
Scrubbers • air, gas, S02 
Snow making 
Spray absorption 
Spray ponds 
Tank rinsing 
Water purification

•rt, N .

s»r«y
Aitgw

Malt
hot
Sin

Hazzle
NumPtr

OrHct
Du

Frtt
Passage

Du
Overa*
Ltngtfi

Has or 
Round 
Du

WaigM
Plastic Mttai

Oz Oz 10 70 30
GALLONS PER MINUTE 6

40 50 SO
PSI

80 100 TOO- 400-
vs

TFSFC 302 3/32 1 11/16 *4 1/2 1 .7 1.0 1.2 1 4 1.6 1.7 2.0 2.2 3.1 4 4TFSFC 1/8 1/8 1 11/16 3/4 1/2 1 1.3 1.9 2.3 2.6 2.9 3.2 36 4.1 6.0 8.2
TF6FC 332 3/32 1 7/8 3/4 1/2 1 .7 1.0 1.2 1.4 1.6 1.7 2.0 2.2 3.1

1/4 TFSFC 1/8 1/8 1 7/8 3/4 1/2 1 1.3 1.9 2.3 26 29 3.2 3.6 4 1 6 0 8 2TF10FC 5/32 1/8 1 7/8 3/4 1/2 1 2.0 2.9 3.5 4.0 4.3 so 59 65 9.2 13.0
TF12FC 3/16 1/8 1 7/8 3/4 34 1 1/2 3.0 4.2 52 60 67 74 85 95 13.4 19

3/8
TF14FC 7/32 1/8 1 7/8 3/4 34 1 1/2 4.0 5.7 7.0 8.1 90 100 114 12 5 18 25TF1SFC 1/4 1/8 1 7/8 3/4 34 1 1/2 5.3 7.5 9.2 106 118 13.0 15.0 16 7 24 33TF20FC 5/16 1/8 1 7/8 34 34 1 1/2 6 2 11.7 14.3 16.5 18.4 200 233 26 1 36 52

120° y 1/2
TF24FC 3/6 3/16 2 1/2 7/8 1 2 34 120 17.0 208 24.1 268 294 34 38 54 76TF2SFC 7/16 3/16 21/2 7/8 1 2 34 16.4 23 28 33 37 40 46 52 74 104

3/4 TF32FC 1/2 3*16 2 3.4T 1 1/8 1 1/2 4 1/2 21 30 37 42 47 52 60 67 94 134

1
TF40FC 5/8 1/4 3 5/81 1 38 2 1/2 7 1/2 34 48 57 67 74 8i 94 105 148 —210
TF4SFC 3/4 1/4 3 5/81 1 38 2 1/2 7 1.7 47 67 83 95 107 117 135 151 214 302
TF56FC 7/8 5/16 4 *8 2 5 1/2 21 64 93 112 129 145 159 184 205 290 4101 1/2 TFS4FC 1 *16 4 3/6 2 5 1/2 21 84 120 147 169 190 206 240 268 380 536TF72FC 1 1/8 *16 4 3/ 6 2 5 1/2 21 96 137 165 192 213 235 270 302 426 604

2
TFS8FC 1 3/8 7/16 5 7/8 2 1/2 6 1/2 26 140 198 240 280 310 340 ~3»5~ 438 ~ 620 876TF96FFC 1 1/2 7/16 6 7/8 2 1/2 7 1/2 32 178 250 310 355 395 430 505 560 790 1120

3
TF112FFC 1 3/4 9/16 6 3 1/2 26 104 256 362 448 516 580 636 736 810 1160 ~ 1720 _
TF12SFFC 2 9 16 6 3 1/2 26 104 336 480 588 676 760 832 960 1072 1520 2140

4 TF160FFC 2 1/2 5/8 9 4 1/2 40 160 525 750 920 1058 1188 1300 1500 1675" 2370 3350

HOLLOW CONE

Spray
Angu

Malt
Pipe
Size

NOZZtt
Rumor

Onlict
Du

Frae
Passage

Du
Overall
langth

Hex or 
Round 

Du

Waigm
Pus tic Mete!

Oz 0: 10 20 30

GALLONS FER MINUTE Or

40 50 80

PSI

10 100 TOO- 400—
TF6N 3132 3/32 1 7/8 3/4 1/2 1 .7 1.0 1.2 1 4 1.6 1 7 2.0 2.2 3 11/4 TF8N 1/8 1/8 1 7/8 3/4 V2 1 1.3 1.9 2.3 26 2.9 32 36 4 1 60 82TF10N 5/32 1/8 1 7/8 3/4 1/2 1 2.0 2.9 3.5 4.0 45 5.0 59 65 92 130
TF12N 3/16 1/8 1 7/8 3/4 3/4 1 1/2 3.0 42 5.2 6.0 6.7 74 8.5 9 5 13.4 19oO

3/8
TF14N 7/32 1/8 1 7/8 3/4 3/4 1 1/2 4.0 5.7 7.0 8 1 90 10.0 11 4 12.5 16 25TF1SN 1/4 1/6 1 7/B 3/4 34 1 1/2 5.3 7.5 92 106 11.8 13.0 15.0 16.7 24 33TF20N *16 1/8 1 7/8 3-4 3/4 1 1/2 8.2 11.7 14 3 16.5 16 4 20.C 23.3 26 1 36 52

1/2
TF24N 3/6 3/16 2 1/2 7/8 1 2 3/4 120 17.0 20.8 24.1 26 8 29 4 34 38 54 76TF28N 7/16 3-f16 2 1/2 7/8 1 2 3/4 164 23 28 33 37 40 46 52 74 104

3/4 TF32N 1/2 3'16 2 3*4! 1 1/8 1 1/2 4 1/2 21 30 37 42 47 52 60 67 94 134
TF6W 3/32 *32 1 3/4 5/8 1/2 1 .7 1.0 12 1.4 1.6 1 7 2X 2.2

1/4 TF8W 1/8 i B 1 3/4 *8 1/2 1 1.3 1.9 2.3 26 29 32 38 4.1 6 0 8 2TF10W *32 1/6 1 3/4 *8 1/2 1 20 2.9 3.5 4.0 4.5 50 59 6.5 9.2 13.0
TF12W 3/16 1/8 1 7/8 3/4 3/4 1 1/2 30 42 52 60 67 74 6.5 9.5 13.4

120° 3/8
TF14W 7/32 1/8 1 7/8 3/4 3/4 1 1.2 4.0 5.7 70 8 1 90 10.C 11.4 12 5 18 25TF1SW 1/4 1/8 1 7/8 3/4 3/4 1 1/2 5.3 7.5 92 10 6 11 8 13.0 150 16 7- 24 33TF20W 5/16 1/8 1 7/8 3/4 3/4 1 1/2 82 11.7 14.3 16.5 184 200 233 26 1 36 52

1/2
TF24W 3/8 3M8 2 1/2 7/8 1 2 3/4 120 17.0 206 24 1 266 294 34 36 54 76TF28W 7/16 3/16 2 1/2 7/8 1 2 3/4 16 4 23 28 33 37 40 46 52 74 104

3/4 TF32W 1/2 3/16 2 3/4 r 1 1/8 1 1/2 4 1/2 21 30 37 42 47 52 6C 67 94 134

'High pressure operation recommenced tor metai nozzles only
For aoaplers and Bushmgs refer to Accessor.es page TPlast.c length: 3 MT JPiast.c »ngm 4 3/8"

TO ORDER: Specify Spray Angle. Pipe Size. Nozzle Numoer and Material BETE FOG nozzle inc 17

Hollow Cone so• N 

FULL CONE 
MIii 

"" "" 
111 

1/4 

311 

- . . .. .:,_ ··. "' - • • • ·. ,JF- :) ~-- .... ~ .. ~ 
..._ -~41,,-• • : . ; ,.. . .. 

Ntull 

"""'"' 
Frtl 

OrMct l't11191 O.eral 
Ola Dil Langtft 

TFIFC 3/32 3/32 1 11116 314 
TFIFC 1/8 1/8 11/16 314 

TF6FC 3132 3132 1 7/8 314 
TFIFC 1/8 1/8 1 7/8 314 
TF10FC &32 1/8 1 7/8 314 

w110111 
P'lalllC Mttal 

Oz . Oz . 

1/2 
1/2 

1/2 
1/2 
1/2 

10 

.7 
1.3 

.7 
1.3 
2.0 

MATERIALS 
PVC 
Polypropylene 
Teflon 
Brass 
303 Stainless Steel 
316 Stainless Steel 
C-20 
Hastelloy C 
lnconel 625 
lncoloy 
Tantalum 
Titanium 
Other materials 

on application 

TYPICAL APPLICATIONS 
Chemical processing 
Cooling gases 
Oeaerating 
Dry powder systems 
Oust removal 
Evaporative cool ing 
Evaporative disposal 
Fixed fire protection 
Halon systems 
Scrubbers - air, gas, SO, 
Snow making 
Spray absorption 
Spray ponds 
Tank rinsing 
Water purification 

GALLONS l'ER MIN UTE l'SI 
zo 

, .o 
1.9 

1.0 
u 
2.9 

1.2 
2.3 

1.2 
2.3 
3.5 

4D 5D '° Ml 
1 4 

2.6 

1.4 
2.6 
4.0 

1.6 
2.0 

1.6 
211 
4.5 

1.7 
3.2 

1.7 
3.2 
50 

2.0 
3.8 

20 
3.8 
59 

100 

2.2 
4.1 

2.2 
4.1 
65 

3.1 
6.0 

4 .4 
8.2 

3.1 4.4 
6.0 8.2 
9.2 13.0 

TF12FC 3116 1/8 1 7/8 314 314 1 1/2 3.0 4.2 5.2 6 0 6 7 7 4 8 5 11.5 13.4 19 TF14FC 7/32 1/8 718 314 314 1 1/2 4.0 5 7 7.0 8. 1 110 10 0 11 4 12 5 18 25 TF16FC 1/4 1/8 1 7/8 314 314 1 1/2 5.3 7.5 9.2 10 6 11 8 13 0 15.0 16.7 24 33 lr---'f----+--T_F_20_F_c_+-_51_1& __ 1_,8 ___ 1_1B _ _ :i,_4 __ 31_, ___ 112_ -+_8_.2 _ _ 1 _.1 _ _ u_._3 __ 1_6_5 __ 8_' _ _ 20_ 0 __ 2_3_3 __ 26_ 1 __ 36 _ __ 52 __ 

120 o TF24FC 318 3116 2 1/2 7/8 2 314 12 0 17.0 20.8 24 1 26 8 29 4 34 38 54 76 ~
1 
__ 

112 
__ t--_ r _Fu_ F_c-1-1-'1_e __ 31_1e __ 2 _112 _ _ 1_1B _ _ _ 1 __ 2_:v_,_+_1_&_4 _ _ 23 _ __ 2a ___ 33 ___ 3_1 _ _ ,_0 ___ ' 6 _ _ 52 74 104 

3/4 TF32FC /2 3 '16 3,4 1/8 1 1/2 • 1,'2 21 30 37 42 47 52 60 67 94 13' 
TF40FC 518 114 3 5/81 318 2 112 7 1'2 34 '8 57 67 74 81 94 105 
TF41FC 314 114 3 5/81 318 2 1/2 7 1'2 47 6 83 115 10 117 135 151 

210 
302 1-- --1----- - ---- --------- --- -+----- ------------ -- - - - - - -

1 1/2 

2 

HOLLOW CONE 
Ihle 

Sorty Pipe 
Angle SIii 

114 

50° 3/1 

112 

3/4 

114 

120° 311 

112 

314 

TFS6FC 718 S- 16 • 3'8 2 5 1 21 64 93 11 2 129 145 159 1114 205 290 410 TF6'FC 1 6 , 318 2 5 12 21 84 120 147 169 1110 208 240 268 380 S36 TF72FC 118 5/ 6 4 318 2 5 1,'2 21 96 137 165 192 213 235 270 302 426 604 
TFUFC I 3/8 7 16 5 7/ll 2 1/2 6 1/2 
TF91FFC 1 112 7/16 6 716 2 112 1/2 

TF112FFC 1 3,< 

TF121FFC 2 

TF110FFC 2 1/2 

9116 
9116 

5/6 

6 
8 

9 

3 1i2 
3 1/2 

4 12 

26 
26 

,o 

26 
32 

lCK 
104 

160 

Frt1 litl . or W119ftl 
NOiiie Onhc1 P111191 Onrtll Round l'llsht MIiii 

HufflDtr 011 011 L1nglft oi. Dz. O: 

TF8N 3132 3132 1 7/8 31• /2 1 
TFIN 118 1/8 1 7/8 314 112 1 
TF10N S/32 1/8 1 7/8 314 1/2 

TF12N 3116 1/6 1 718 31• 3,. 1 112 
TFUN 7/32 1/8 718 31• 31• 1 1/2 
TF11N 114 118 718 31• 3 '• 1 1/2 
TF20N 5116 1/8 1 718 Ji• 3,, 1 /2 

TF24N 318 3116 2 1/2 718 1 2 314 
TFUN 7116 3/16 2 1/2 718 2 31• 

TF32N 1/2 3116 2 :i,, t 11!! 1 /2 • 112 

TFIW 3'32 3 32 1 31• 518 1/2 1 
TFIW 1/8 1/8 1 31, 518 1/2 
TF10W 5132 1/6 l 314 518 1/2 

TF12W 3/16 1/8 1 7 3/4 JI• 11 
TF14W 7132 1/8 l 718 3/4 3/4 1 1,'2 
TF11W 11• 118 7/8 31• 314 1 1/2 
TF20W 5116 1/8 1 7/8 314 34 112 

TF24W 318 3116 2 1 718 2 3/4 
TF21W 7/16 3116 2 112 7/8 1 2 3/4 

TF32W 1/2 3/16 2 3/4 I 1 1/8 1/2 • 1/2 

140 198 240 280 310 340 
178 250 310 355 395 430 

256 
336 

362 «8 516 580 636 
,so 588 676 760 832 

395--438-- 620--876--

505 660 7110 1120 

736 810 1160 1720 
960 1072 1520 2140 

525 750 920 1058 1181 1300 1500 1675 2370 3350 

GALLONS l'ER MINUTE 1/1 ,sI 
10 20 30 40 50 '° 10 100 200·· 400•• 

.7 1.0 1.2 1 4 1.6 1 7 2.0 2.2 3.1 4.4 
1.3 19 2.3 26 2.9 3.2 38 ' 1 60 8.2 
2.0 2.9 3.5 ,o 4 5 5.0 59 65 9.2 13.0 

3.0 ,2 5.2 60 6 7 7• 85 9.5 13.4 19 
4.0 57 7.0 8 9 0 10.0 

11 ' 12.5 18 25 
5.3 7.5 9.2 106 118 13.0 150 167 24 33 
8.2 11 143 16 5 18 • 20 23.3 26 1 36 52 - - - - - -12 0 17.0 20.8 2◄ 26 8 29' 3' 38 54 76 

16 4 23 28 33 37 40 46 52 1, 104 
- ---21 30 37 ,2 , 1 52 60 67 ~ 134 _.,. _ 

7 10 1.2 1 ' 1f, , ; 2 C 22 3 4 .4 
1.3 19 2.3 26 29 32 38 • 6.0 8.2 
2.0 2.9 3.5 ,.o 45 5 0 59 6.5 8.2 13.0 - - --30 ◄.2 5.2 60 67 1, 85 115 134 19 ,.o 5. 70 8 110 10.0 11 4 12 5 18 25 
5.3 7.5 9 2 106 118 13.0 150 16 7• 24 33 
8.2 11.7 143 16.5 18 4 200 233 261 36 52 --120 170 208 2, 1 268 29' 34 38 54 76 

16 • 23 28 33 37 ◄O 46 52 74 104 

21 30 37 '2 47 52 67 ~ 134 

For aoapters and t>usnIngt. refer 10 Accessories page 
• H,gn pressure opera II on recommenced tor metal nozzles only. 
fPla.sltc lengtn: 3 5111" i Plas1,c tengtn: • 318" 

TO ORDER. Specify Spray Angle . Pipe Size. Nozzle Numoer and Ma1enal BETE FOG NOZZLE INC. 17 
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I

BETE Fog Nozzle, Inc.
Technical Services Department

To: Paul Chamberlin
Address: Chamberlin & Assoc.
FAX No.: 303-979-6753
Your Ref: Evaporative Disposal
Our Ref: 930318

FAX:(413) 772-6729
Teiephone:(4l 3) 772-0846 

ATTN: Daniel deLesdernier

FAX File Ref: ^
Date: March 22, 1993

Page: 1 Of: T*

Paul-
I talked to Steve at Richmond Hill who said that I should 

really have you call him directly.
From what other customers have told us, one can typically 

expect 5-10% of the sprayed volume to evaporace, although this 
depends greatly on temperature and humidity. In your case, where 
you need to be conservative to combat wind drift., I would say you 
want to be more on the 5% end of the spectrum. I have attached a 
page showing a typical spray pond layout. We reccomend the TF 
series nozzles because they atomize more finely than other direct 
pressure nozzles. One normally tries to keep the patterns separated 
to prevent local saturation of the air th.it would inhibit 

evaporation.
If you mounted a series of nozzles along the sides of your 

pond you could use only the nozzles on the upwind side(s) to allow 
the spray to settle back onto the surface before it gets blown 
away. We can provide some limited help in estimating trajectories 

for droplets in a wind.
Operating pressures vary from perhaps 10 psi to perhaps 40

psi.
This should give you enough information to get started, but xf 

you have further questions, I will try to help..

Regards,

Daniel deLesdernier

BETE Fog Nozzle, Inc. 
Technical Services Department 

To: Paul Chamberlin 
Address: Chamberlin & Assoc. 
FAX No.: 303-979-6753 
Your Ref: Evaporative Disposal 
Our Re~ 930318 

Paul-

/ 

FAX~(413) 772-6729 

Teiephone:(413) 772-0846 
ATTN: Daniel delesdernier 

FAXFlleRer. ~ ·· ·,'¾,~~-9~ 
Date: March 22, 1993 

Page: 1 Of: 

I talked to Steve at Richmond IUll who ~;;lid that I should 
really have you call him directly. 

From what other customers have told us, ,me can typically 
expect 5-10% of the sprayed volume to evapora ce, alt.hough this 
depends greatly on temperature and humidity. In your case, where 
you need to be conservative to combat wind drift., I would say you 
want to be more on the 5% end of the spectrum. I have attached a 
page showing a typical spray pond layout. We reccomend the TF 
series nozzles because they atomize more finely than other direct 
pressure nozzles. One normally tries to keep the patterns separated 
to prevent local saturation of the air tl1,1t would inhibit 
evaporation. 

If you mounted a series of nozzles along the sides of your 
pond you could use only the nozzles on the upwin(J side(s) to allow 
the spra::' to settle back onto the surface bel~,)re it gets blown 
away. We can provide some limited help in estim.iting trajectories 
for droplets in a wind. 

Operating pressures vary from perhaps 10 psi to perhaps 40 
psi. 

This should give you enough information to get started, but if 
you have further questions, I will try to help. 

Regards, 

Daniel deLesdernier 



140' Pond Vi

E1S’ Pond Uonflth

40' 133' Grid Length

<t> -G—©—Q—Q—&—G)—©—o- 

()—(i—O—H—l)—O—()—0—0—i >

»-■ Typical Grid Spacing

C i—0—0—O—O—O—(3—O

o—©—0—©—©—©—©—©—©—0

15*

O—

40'

tTyp>

Hinlnun Border Width ■ E9' 0

SUGGESTED. SPRAY POND LAYOUT

FOR EVAPORATIVE DISPOSAL PONDS

40' Bordtr

60' Grid Width

40' Border (Typical)

SPRAY POND APPLICATION

• RECOMMENDED NOZZLE: 3/4TF32XPN

• The nozzle should be’oriented to spray vertically 
upward lo gain maximum residence lime for the 
droplets to evaporate. The 90 degree spray angle 
achieves maximum vertical projection Into the less 
saturated air layers..

• By Installing ihe nozzle 4 feet above the pond 
surface, pore residence time con also be gained. 
The effect of wind speed on spray drift 6hould be 
token Into consideration.

• The efficiency of a iproy evaporation pond 
depends on environmental factors ( geographic 
location, wind conditions), pond layout, number 
and spacing of nozzles, height of spray nozzles and 
liquid pressure,

• The pond layout should be rectangular (length « 
2 to 4 times width) with the long side facing the 
prevailing wind direction.

• Spray droplet size also haa a major effect on the 
amount of evaporation. The recommended operat- »<, 
Ing pressure should be between 30 and 60 psl, with 
the higher pressure! giving smaller dropsl ws.

BETE Fog Nozzlo, Inc. Applications Notts 89-AN02

SOO'COO@ 31ZZ0X 003 3139 6gL9 zll m TO M = !-T C6/SS/C0

, 

.,._ ______ el5' Pond Length--------.. 

UO' Pand 'wl th 

◄ D' _....,_. ___ 135' Orld Leno-th----t-- ◄ O' 

~ 

... l~ TyplcGl Grid Spacing 

Mlnlr\ur, lordtr 'width • 1?9' 0 

SUGGESTED~. SPRAY POND LAYOUT 

fOR tVt\PDAATl\lt IJ1SPDSAL PDNJ>S 

SPRAY POND APPLICATION 

• RECOMMENDED NOZZl,E: 3/4 TF 31 XPN 

r 
◄ O' Bord1r 

GO' Grid \Jldth 

◄01 Border (Typlc:lll) 

l 

• The nozzle should be. oriented to aprny vertically 
upward &o goln maxlmwn re~ldence Umo for Uie 
droplets to cvaponue, Tho 90 degree spro)' angle 
achieves maximum vertical proJccLlon Into the less 
sururated air layers, . · 

• Spray droplet alz.e also hil a major effect on lhe 
amount of ev aporatton. 'Ibo recommended ope rot• a-

• By installing lhe nowe 4 feet above the pond 
surface, tnore residence tlmr con nlso be galned. 
The effect of wlnd 1pced on sproy drin should be 
tllk.en lnlo conslder1tion. 

• The ornclency· ut a 1prlly ovaporatlon P.0nd 
depends on envlronmenlal fuctou ( gcographlo 
locaUon, wind coqdltJons )1 pond layout, nwnber 
and spaclns of nozzles, height or spray nozzles and 
liquid pressure, · 

' 
• The pond layout ahouid be ,~ctangular ( length 111 

2 10 4 tlmea wldth ) whh ~o long side facing tho 
prevalllng wlnd dlrcctlon. . 

lng prcHuro lhould be btLwecn 30 and 60 psi, wlU1 
tho hlshcr pre1surca SlYlnB smaller dropslzes, 

BETE Fog Noul,, Inc. 

1':00 ,' i: 00~ 

App/lcatlon1 Nol11 

31ZZO~ ~O.:I 3:.13ff 

89·AND2 

tI: tt C6 / i: ZIC0 

' • ... 
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pf’i '.'^‘. o^/ie/sair 14:53-.. Ol 413 772 6729' BETE FOG NOZZLE @001
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Fn

FROM: OJONCO Sales Company
1425 East Bates Avenue, Englewood, CO 80110

Phone/FAX: (303) 781-9145

Technical Services CC:N594 zap fax!
Customer: Mr. Paul Chamberlin 

Reference: ---------------------------

Company: Chamberlin & Assoc

Company Address: —uili------- —
Telephone: —3 03-9 7 9-67 53.

FAX: 303-979-6753

vU j .A. ^ W-\ —\ tU. WX>?E) •

^ ^JLL A - ~ A*-t4- -

JUjul
—

<^J2_ ^ N /5" ' -fv £>S ' c£msl-^> ^ 1

Oat.: 3/16/93

Time: 2:51
Lo^:^ i-8oo-iis--oo‘H

~001 

FROM: OJONCO Sales Company 
1425 East Bates Avenue, Englewood, CO 8011 o 

Phone/FAX: (303) 781-9145 

-~Technical Services CC:N594 zap fax! 

.. _ ... 

Company: Chamberlin & Assoc. Customer: Mr. Paul Chamberlin 

Reference: Company Address: ~--'.,....,. ·:'-'· : ______ _ 

Telephone: 303-979-67 53 

FAX: 303-97~-6753 

Briefly describe what the nozzle needs to do. If possible, include a sketch with dimensions {use a separate 

sheet, if neces~ary): ~ LE '1 °ic)Y-~ \--ll,..0 rc..k,~, ~ H H j~ .,,:.,,, 2 """t> 

(c"'-cl c.<>-f<>-c.J:. :- l' M.M '\p...Q · _ 1 r J 
7oV\cl ~ \··fD Pt! ~~ I Of ~W\ 

0T ~~ 
VY\ Cf\~. " 0 \I\ c( &a.f R -:. b S' 

1 

I 
310 

~c4.~"" 1: l /,I l~ ~"Ito~ .,E P...... r 
--~ 

/ ··'.\ f/ ______ '::-l 

I 
IST> 

• What liquid is being spray,t?: ~L.....::t.:i., ')o\d • What nozzle materials are suitable? (If unsure 

VZ.r..c..l.....:.._c, -sol'"" vJ 1
1
000 ppi.,.... c.'10.....,..'k about the nozzle material, what materials are used 

in the piping?): 3C:>4- S'S G.,.. 31(.;, 'S '5. 

• How much liquid needs to be S;af~e~ ; ..., 2 ""'o .... ~-s . 
~ o-e_ ~\l°'fo.-c. e A~v·d ➔ Mo..') 

000 0OD ~ ' 
total 1 1 _ • per nozzle 

f l,a S +-,' C- 5 ~( ~ A o..:t_, ,.:,_.., 
-4--r. 

• What liquid pressure is available?: .,,._._f -/.o g:ops-,·5 • Estimated number of nozzles required• 

• Annually: 

,_. • If the nquid isn't water, 4/,L93 what's the specific gravity'?: ____ _ • Nozzles needec by (date): 

Oste: 3 / i 6 / 9 3 

Time: 2: 51 
Lo'v'-L. ~V'I 1-8DD-1.\S'..,O)~ 

__ ! 



MID-CONTINENT
TESTING LABORATORIES, INC

HIGH TECHNOLOGY OIL ANALYSIS 
AND ENVIRONMENTAL TESTING

2381 S. Plaza Dr. • RO. Box 3388 • Rapid City, SD 57709 
(605) 348-0111

MYRON ANDERSEN ' 
BROW MINING CORP. 
P.O. BOX 485 

DEADWOOD, SD 57732

SAMPLE NAME: ON-SOL 
DESCR.ITPION:
SAMPLE DATE: 11/17/92 

SAMPLE TIME:
SAMPLED BY:

ACCOUNT NUMBER: 
LAB NUMBER: 

DATE RECEIVED: 
TIME RECEIVED: 

REPORT DATE:

W1000
19921118102 
11/18/92 

08:00 AM 
11/20/92

FIELD FLOW = 85

PHYSICAL PROPERTIES VALUE

Conductivity, unhos/cs 6390.

Hardness 2018.
PH 9.83
Solids, Dissolved, mg/1 5405. 
Solids, Suspended, mg/1 <10.0 

Turbidity, NTTJ

INORGANIC & NONMETALLIC VALUE

Alkalinity 966.
Bicarbonate 725.
Carbonate, mg/1 223.
Chloride, mg/1 325.
Cyanide, Total, mg/1 1162.

Cyanide, WAD, mg/1 1162.
Cyanide, Free, mg/1 1139.
Fluoride, mg/1
Nitrogen, Asmonia, mg/1 84.6

Nitrogen, Nitrate, mg/1 37.6
Nitrogen, Nitrite, mg/1 5.00
Sulfate, mg/1 1100.

METALS mg/1

Al minim
Antimony
Arsenic

Bariio
Berylliim

Boron
Cackiiio
Calciio
Oiramiim
Cobalt

Copper
Gold

Iron
Lead

Lithium
Magnesim

Manganese

Mercury
Molybdenim
Nickel

Potassiw
Seleniio
Silicon
Silver
Sodiio
Strontiio
Vanadiio

Zinc

DISSOLVED TOTAL 

.013 .024

<

801

104

35

738

20

160

001

002

053

001

34
050

0
109

473

23

164

001

003

098
006

050
0008

197

SPECIAL TESTS

FIELD PH 

FIELD EC 

FIELD TEMP 

SCN

VALUE

9.20 

2000.+ 
13.0 C

144.

" ·".e, I:: • 
... < .. 

MID-CONTINENT 
TESTING LABORATORIES, INC. 

2381 S. Plaza Dr. • P.O. Box 3388 • Rapid City, SD snos 
(605) 348-0111 

~ ~ 
IEC1H MINING CXEP. 
P.O. OOX 485 
DEAIJYCXD, SD 57732 

FIELD FI.Ol = 85 

PHYS I CAL PROPERTIES VAUJE 
---------------------- -----
Conductivity, tml<>S/all 6390. 
Hardness 2018. 
PH 9.83 
Sol ids, Dissolved, ~/1 5405. 
Sol ids, Suspended, q;/1 <10.0 
Turbidity, N'ru 

INOOGANIC & NONMETAllIC VAUJE 
----------------------- -------
Alkalinity 966. 
Bicarbonate 725, 
Carbonate, Eq?;/1 223. 
Chloride, q;/1 325. 
Cyanide, Total, ~/1 1162. 
Cyanide, WAD, 111:/l 1162. 
Cyanide, Free, ~/1 1139. 
Fluoride, mg/1 
Nitrogen, -~nia, 8':/1 84.6 
Nitrogen, Nitrate, 111g/l 37.6 
Nitrogen, Nitrite, ~/1 5.00 
Sulfate, ~/1 1100. 

SPECIAL TESTS VALUE 

FIELD PH 
FIELD EX: 
FIELD TBfP 
s~ 

9.%0 
2000.+ 

13.0 C 
1«. 

METALS ~/1 
---------------

Altmainun 
Antimony 
Arsenic 
Ba.ritlD 
Beryllitmi 
Boron 
eacail.D 
Calci1.m1 
Cllrami'ID 
Cobalt 
Copper 
Gold 
Iron 
Lead 
Li thi llD 

Mag:nesit.D 
Manganese 
Mercury 
Mo l ybdem.111 
Nickel 
Potassillll 
Seleni1& 
Silicon 
Silver 
Sodi I.El 

Strontitn 
Vanaditm1 
Zinc 

SAMPLE NAME: cti-SOL 
DESClU'It>I Qi: 
SAMPLE Dt.TE: 11/17/92 
SAMPLE TIME: 
SAMPLID BY: 

A<XX:lJNT Nt.Nem: W1000 
LAB NtMBER: 19921118102 

DA.TE REX::EIVED: 11/18/92 
TIME UD:IVED: 08:00 AM 

REPCltT Dt.TE: 11/20/92 

DISSOLVED 1UI'AL 
------- ---------

.013 .024 

.160 .164 

<.001 <.001 
801. 

.002 .003 

104. 473. 

.053 .098 

.001 .006 

4.34 
<.050 .050 

.0008 

35.0 
.109 .197 

738. 

20.3 23.8 
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